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Spring Meeting Papers 


A supplement to this issue of MECHANICAL 
ENGINEERING contains a number of papers 
that will be read at the Milwaukee Spring 
Meeting of the A.S.M.E., May 18-21, 1925. 
It also contains synopses of other papers 
that will be available in pamphlet form. 

This scheme of advance publication of 
meeting papers has been devised for the 
purpose of stimulating thorough discussion, 
which develops the strength or weakness 
of the papers and adds to the interest the 
meeting has for those attending. 
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Sip) pose there were no cook books 


VERY KITCHEN has a cook book. The 
oy boiled down experience of many cooks 
is found in its pages. Like cook books, Linde 
books do not talk about the ingredients, but 
how to put them together to produce better 
. results. Every oneofthe thirteen Linde books 

, contains essential and practical information 
a on some phase of oxy-acetylene welding or 
cutting. Each is based on field experience 

3 and laboratory research. 


Machine Shops 
use these Books 


“Cast Iron Welding,” for example, is used 
by one factory executive to instruct his 
men and as a basis for discus- 
sing welding problems with them. 
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Check the books you want, tear The Linde library makes it pos- 
out this list and mail it to the ; 

nessest District OGSce sible for any executive to become 

© Cast Iron Welding by the Oxy-Acetylene Process well informed about the oxy-acet- 

ent ga ylene process. Linde books are 

O Step by step in Gas Welding a Crank Case free to Linde users for the asking. 


D Step by step in Gas Welding a Cylinder Block 
D Step by step in Oxwelding a Pipe Joint 


Oo 
be Wate of Managerial Understanding THE LINDE 


ee AIR PRODUCTS COMPANY 


O How Welded Joints Solved Pipe Line Troubles 


o ee Small Tanks by the Oxy-Acetylene General Offices: = 
Cece seen “cee ae 
© Severing Metals by Oxidation sled 
O The Dependability of Cast Iron Welding 37 PLANTS—85 WAREHOUSES 
\ nee” 22 DISTRICT SALES OFFICES 
NE 


LINDE OXYGEN 


YOU CAN DEPEND ON THE LINDE COMPANY 
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Contributors to this Issue 


Julius Kruttschnitt, chairman of the 
executive committee of the Southern Pacific 
Company, is the author of the leading paper 
in this issue on The Engineer as a Railroad 
Executive. Mr. Kruttschnitt is an alumnus 
of Washington and Lee University, being 
graduated in 1873 with the degree of civil 
engineer. 

In 1878 when he entered the service of the 
Morgan’s Louisiana and Texas Railroad & 
Steamship Company (now a part of the 
Southern Pacific Lines) as resident engineer 
in charge of construction work. Completing 
that work in 1880, he was retained as road- 
master, receiving successive promotions as 
assistant chief engineer and general road- 
master, chief engineer and superintendent, 
assistant general manager of the Southern 
Pacific Lines east of El Paso, and in 1889 was 
made general manager of that system. In 
1895 his jurisdiction as general manager was 
extended over the entire Southern Pacific 
System with headquarters at San Francisco. 
This position, with additional responsibili- 
ities as vice-president and later as assistant 
to the president, was retained until 1904 
when he was moved to Chicago and was 
placed in charge of the operation and mainte- 
nance of the combined Union Pacific and 
Southern Pacific properties with title of 
director of maintenance and operation. On 
the separation of those systems in 1913, Mr. 
Kruttschnitt was elected to his present posi- 
tion of chairman of the executive committee 
of the Southern Pacific Company with head- 
quarters at New York. 


* x * * * 


Carl J. Fechheimer, author of the paper 
on the Performance of Centrifugal Fans for 
Electrical Machinery, was born in Cincinnati, 
Ohio, in 1882. In 1904 he received the de- 
gree of B.S. in M.E. from Purdue University 
and the following spring he received his M.E. 
from Cornell. From 1905 to 1910 Mr. Fech- 
heimer was employed in the engineering de- 
partment of the Allis-Chalmers Company de- 
signing a.c. generators and motors. For the 


next four years he was in charge of a.c.- 
generator and motor design for the Crocker- 
Wheeler Company. Since 1914 he has been 
with the Westinghouse Electric and Manu- 
facturing Company where he is now research 
engineer in the power-engineering depart- 
ment. 


W. H. Carrier and Daniel C. Lindsay 
are co-authors of the article on Temperatures 
of Evaporation of Water into Air. Mr. 
Carrier, president of Carrier Engineering 
Corporation, was graduated from Cornell 
University in 1901. From that time until 
1915 he was associated with the Buffalo 
Forge Co., Buffalo Steam Pump Co., and the 
Carrier Air Conditioning Co. of Buffalo, 
N. Y., first as research engineer and later as 
chief engineer in charge of the design and 
testing of fans, pumps, heaters and _ air- 
conditioning equipment. In 1915, with Mr. 
J. I. Lyle, he organized the Carrier Engineer- 
ing Corporation as an engineering and con- 
tracting company specializing in air condi- 
tioning, cooling, and drying in industrial 
work. 

Mr. Lindsay, attended Cornell University 
from 1915 to 1917 and again from 1919 to 1923 
under the Telluride Association Fellowship, 
where he took a B.A. degree in 1921 and 
spent two residence years in the graduate 
school. In 1917 and 1918 he was in the em- 
ploy of the Carrier Engineering Corporation 
and was engineer in charge of the air-condi- 
tioning equipment at the United States am- 
monium nitrate plant at Perry Point, Md. 
From January, 1923, to March, 1924, he was 
attached to the United States Bureau of 
Standards as associate physicist, dealing 
with problems in the drying of ceramic wares. 
Mr. Lindsay rejoined the Carrier Engineer- 
ing Corporation as physicist in April, 1924. 


* * * _ * 


Ralph E. Flanders, the discussion of 
whose paper on Design, Manufacture and 
Production Control of a Standard Machine, 
published in the December, 1924, MECHANI- 


CAL ENGINEERING, appears in this issue, was 
born in Vermont in 1880. After his gradua- 
tion from high school in Central Falls, 
Rhode Island, he served an apprenticeship as 
a machinist and draftsman from 1897 to 
1901. He then became designer for the In- 
ternational Paper Box Machinery Company 
at Nashua, New Hampshire. From 1905 to 
1910, Mr. Flanders was associate editor of 
Machinery and went from there to be engi- 
neer for the Fellows Gear Shaper Company 
Since 1912 he has been director and manager 
of the Jones and Lamson Machine Tool 
Company and he is recognized as an author- 
ity of machine-tool design. Mr. Flanders is 
a past-president of the National Machine 
Tool Builders’ Association. 


* * * * . 


Frederick W. Ming, author of the pape: 
on the Standardization of Machine Drafting, 
is instructing at the Polytechnic Institute of 
Brooklyn in mechanical engineering. After 
studying at Cornell University for four years, 
he was engaged by the Ithaca Gun Co. as a 
production engineer. He later was called to 
the Davenport Manufacturing Co. as chief 
engineer in the manufacturing of U. S. Gun 
Mounts. In 1920 he was appointed me- 
chanical engineer for the Interstate Com- 
merce Commission at Washington, D. C 


« * * ~ * 


Leon Cammen, M.A. author of the paper 
on Principles of Metallurgy of Ferrous Metals 
for Mechanical Engineers, is associate editor 
of MECHANICAL ENGINEERING, and in the 
past ten years has done a considerable amount 
of work on the metallurgical problems con- 
nected with the centrifugal casting of metals 
and the production of metal alloys. 
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A.S.M.E. SPRING MEETING 
Hotel Pfister, Milwaukee, May 18-21, 1925 


A supplement to this issue of MECHANICAL ENGINEERING is devoted 
exclusively to the A.S.M.E. Spring Meeting. 
complete papers that are to be presented at Milwaukee and synopses of 
papers that are issued on request in pamphlet form. Members who 
attend the meeting are urged to bring the supplement with them. 

Current issues of the A.S.M.E. NEWS contain information about the 
interesting program of entertainments and excursions planned by the 


It contains a number of 
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Railroad Executive 


The Problems Confronting the Responsible Managing Officer and the Extent to Which He Has Thus 
Far Solved Them—How the Engineer Has Risen to New Responsibilities and What Recognition 
Has Been Accorded to His Fitness to Adminster Railroad Properties 


By JULIUS KRUTTSCHNITT,! NEW YORK, N. Y. 


OQ JUDGE CORRECTLY of the qualifications of a man for 

the position of railroad executive we must make a compre- 

hensive survey of the duties devolving on him under present- 
day conditions, and of the difficulties which he has to overcome. 
Not only must we consider the problems that require solution but 
we must take into account the limitations imposed by law on the 
revenues of railroads and the extent of control of their expenses 
that the executive is permitted to exercise. It seems appropriate, 
therefore, to introduce a quite full outline of the problems that 
confront the responsible managing 
officer, the extent to which so far he 
has solved them, and to what extent 
they remain unsolved, after which an 
endeavor will be made to show how 
the engineer has risen to new responsi- 
bilities, and what recognition stock- 
holders and directors of railroads have 
accorded to his fitness to administer 
their properties. 

Fundamentally a railroad is a huge 
manufacturing plant designed to con- 
vert the energy locked up in fuel into 
work for transporting persons and 
property on specially designed road- 
Ways. The energy conversion is by 
means of individually operated loco- 
motive units, and the success of the 
entire plant, measured by the spread 
between production costs of output 
measured in passenger-miles and ton- 
miles—and selling prices depends on 
the efficient working of each individual 
unit. 

To attain the maximum or even 
moderate success in creating a margin 
between the cost and sales prices of 
output, the necessary executive and 
administrative work can best be done 
by men specially trained in those 
branches of knowledge that contribute 
most to the efficient operation of railroads, on the degree of which 
depends success or failure; and the most important duty of the chief 
executive is so to select his official staff as to attain the best results. 
To pass intelligently on the qualifications of his staff and their recom- 
mendations that may reach him—in other words, to avoid being a 
mere rubber stamp to approve whatever is laid before him—requires 
a fair knowledge of the functions of each department head by the 
chief executive. 

At the outset let me explain the causes that have brought about 
the epochal changes in the conditions of the railroads in the first 
quarter of the twentieth century, conditions that have obstructed 

1 Chairman, Executive Committee, Southern Pacific Lines. 

Address at a joint meeting, New York, March 18, 1925, of the New York 
Sections of the American Society of Civil Engineers, American Institute 
of Electrical Engineers, and American Institute of Mining and Metallurgical 


Engineers, the Metropolitan Section of The American Society of Mechani- 
cal Engineers, and the New York Electrical Society. 
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successful operation to an extent never theretofore encountered, 
and then show how American talent has adapted the railroads to 
these new conditions and so far has averted bankruptcy and ruin. 

The rise of prices of all commodities throughout our country 
that was started by the outbreak of the World War in the summer 
of 1914, culminated in the United States in May, 1920, when the 
index number of wholesale prices showed an increase of 236 per cent 
above the corresponding number in 1900. Starting from the base 
index number—taken as 100 in 1900—there was a slight fall in 
1901, but in 1902 prices were 4 per 
cent above those of 1900 and, with 
some reversals, the rise was continuous 
to the outbreak of the World War when 
they were 20 per cent higher than in 
1900. At the date of our entry into 
the war the index number of wholesale 
prices was 120 per cent above that for 
1900. The fall from the peak of 236 
per cent over 1900 prices in 1920 was 
rapid—to 83 per cent above those of 
1900 in the middle of 1921—since when 
there have been fluctuations leading 
to the figure of 94 per cent above 
1900 prices in December, 1924. 

During the seventeen years from 
1900 to 1917 the average railway freight 
rate in the United States remained 
nearly stationary. True, there were 
fluctuations that affected the average, 
but never sufficiently to raise it over 
5 to 7 per cent above the 1900 rate, 
so that when the United States entered 
the World War the average freight 
rate was almost exactly the same as it 
was seventeen years theretofore; but ir. 
these seventeen years average prices 
had risen 120 per cent and wages of rail- 
way employees, 77 per cent. At the 
beginning of the century, 25 years ago, 
the average operating ratio for ali the 
roads of the United States was 65 per cent. Under Government 
operation it rose in 1920 to 94.3 per cent and for the twelve months 
of 1924, after four years of private operation, it fell to 76.14 per 
cent. These data are quoted to show how the spread between 
revenues and expenses has shrunk, and how narrow a margin exists 
at the present time out of which to pay interest on obligations and 
dividends on stocks. 

It will be observed that the percentage return on investment that 
was 4.52 in 1900 substantially vanished in 1920 on the return of the 
railroads to their owners by the Government, and never since that 
time has equaled the 1900 return. For 1924 it was only 96 per cent 
thereof, or 4.35 per cent, and it has fallen still farther below the 
statutory return for two years of 6 per cent, prescribed by Congress 
as reasonable and allowable, from March, 1920, to March, 1922, 
and 5°/, per cent from March, 1922, to date. 

These figures show the wide difference in the kind of managing 
talent required on railroads now and 25 years ago. At the end of 
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the nineteenth century 35 cents net out of every dollar could be 
turned into the treasury, while at the present time only 24 cents, 
or 32 per cent less, can be turned in, and it requires the closest kind 
of management and the services of very much more highly trained 
executives to meet all money requirements other than mere operat- 
ing expenses out of 24 cents out of every dollar. To get the most 
work out of fuel, the largest material item of operating expenses, 
stresses the efforts of substantially every department on a railroad, 
and to obtain the best results requires the highest talent in a great 
many different branches of engineering. The course of civil engi- 
neering in our leading universities embraces courses in the allied 
sciences of mechanical and electrical engineering, and the important 
principles of physics, chemistry, geology and economics, so that the 
executive who has.enjoyed the training afforded in a civil-engi- 
neering course is peculiarly well fitted for coérdinating and guiding 
the numerous operating activities on railroads, and for securing the 
maximum output of salable products at minimum costs. An 
analysis of the operations that produce transportation units will 
show that the engineer who has been trained to secure desired ends 
in the most practical, efficient, and least expensive way can best 
contribute to the success of a railroad enterprise, and will indicate 
the directions in which he should prepare himself in college for 
executive duties, and will correspondingly indicate to the owners 
of railroads, other things being equal, the qualifications to seek 
in managers. 

Viewing the railroad, then, as a manufacturing plant designed 
for the sole purpose of creating the maximum of transportation 
units out of the minimum of fuel units, the greatest efficiency 
will be attained by that railroad whose executives coérdinate best 
all departments and concentrate their activities on increasing out- 
put, from the sale of which the railroad must secure its revenues. 

Enumerating some of the activities of a railroad will show how 
numerous are the demands made on a chief executive, and at the 
same time will show, to a certain extent, how the problems that 
confront him have been partially solved or are still demanding study 
for their solution. 


I—EXxeEcuTIVE DEPARTMENT 


The wise executive will spare no expense in establishing an 
accounting department to keep track of earnings and expenses, 
to record the history of operations, to act as general inspectors to 
expose poor results as prerequisites to their correction; to work 
up promptly cost data of every important item of operating expense 
and as promptly to put them in the hands of all concerned. While 
the experience of the men who make the decisions will usually keep 
them from going far wrong, yet in matters involving millions in 
both capital and operating expenses a railroad officer should not 
be satisfied unless he has definite figures on which to base decisions. 
The record traffic handled with record efficiency in 1917 was the 
response of the railroads to the monthly data sheets first issued 
by the Railroads’ War Board; these are now issued in even more 
detail by the Interstate Commerce Commission and the Bureau 
of Railway Economics. Fuel accounts kept with individual engi- 
neers and firemen and locomotives furnish railroads with data from 
which to decide definitely what type of locomotive is the most ec- 
onomical for their use, and whether the expense of applying and 
maintaining some of the many fuel-saving devices is warranted. 

The location of a railroad is giving it its constitution. It may 
be sick almost unto death with accidents of construction and 
management, but with a good constitution it will ultimately re- 
cover. The board of directors, advised by the chief executive, 
must pronounce on the location of the railroad between its termini; 
it allots the amount of money to be spent on construction and 
fixes the grade and curve systems, because the ideally perfect 
railroad, between given points, should be absolutely straight and 
of uniform grade, that is, devoid of undulations in alignment or 
profile. The expense of operation will increase in proportion to 
the grade and curve resistance involved in departures from the ideal 
line, and the extent of departure must be authorized by the board, 
on which devolves the duty of providing the money for construction. 
Whenever a ton weight is lifted one foot, an amount of work equiva- 
lent to moving it 333 ft. over a straight, level track is spent; and 
every time a ton weight of train is forced through 100 ft. of 1-deg. 
curve, the work done in deflecting it from a straight to a curved 
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path is equivalent to moving the same ton over 16?/; ft. of straight, 
level track. The equated length of the old line of the Central 
Pacific between Ogden and Lucin, Utah, compared with the new 
Lucin cut-off line is as 280 to 129 miles: one pound of fuel on the 
new line moves as much tonnage as 2.2 lb. on the old. 

The Executive Department must determine the justifiable outlay 
to reduce grades and curvature on existing lines, as obviously the 
expenditure necessary to obtain a straight line between two points 
without any undulations in grade might be commercially pro- 
hibitive. It is therefore of the greatest importance for the com- 
mercial success of a railroad to balance the money cost of approach- 
ing as nearly as possible ideal conditions with the expected benefits. 

Motive power can often be economized by expensive physical 
improvements, such as installing automatic block signals, redesign- 
ing terminals, modernizing roundhouses so as to utilize the residual 
heat from incoming locomotives to raise steam on outgoing ones, 
and by increasing the number and lengths of sidings to save delays 
on the line. On the executive rests the responsibility of balancing 
the interest, maintenance, and depreciation costs on large capital 
expenditures against possible savings, and of providing the neces- 
sary capital if the investment is justified. 


II—Trarric DEPARTMENT 


The Traffic Department is the sales department of the railroad, 
and its contract specifications as to loads in cars and character of 
service exert a profound influence on net earnings. It requires 
41 per cent less power to haul 50 tons of lading in one ear than in 
two of the same class and weight, and 53 per cent more power to 
haul a given load at 40 than at 20 miles per hour. 


ITI—MAINTENANCE-OF-WAY DEPARTMENT 


The resistance to traction of locomotives and cars varies between 
wide limits with the condition of the track. The train-resistance 
figure commonly used of 6 lb. per ton of 2000 Ib. at low speed as- 
sumes track in good condition. It may very easily be two or three 
times that amount on track laid with light rail, poorly maintained, 
in bad surface and with low joints, etc. The heavier the rail and 
the better the ballast, the easier it is to maintain good alignment 
and surface, the. less will be deflection under loads, and the less 
will be the work required to force the wheels out of the depression 
caused by weak and yielding joints. 


IV—MAINTENANCE-OF-EQUIPMENT DEPARTMENT 


In 1921 about one-fifth of all locomotive coal, or 25,000,000 tons, 
was consumed when the locomotives were not doing useful work: 
in firing up, in waiting for trains, in standing on sidings and passing 
tracks, in delays at terminals, drawing fire, and waiting at ashpits. 
This consumption is not productive nor is it all waste. By re- 
designing terminals and increasing lengths and numbers of sidings 
the waste can be minimized. Ingenious graphs on which obstruc- 
tions to traffic are likened to obstructions to flow of water in in- 
crusted pipes, have proven of great assistance in indicating how to 
increase capacity of line and defer double tracking. 

In designing locomotives the features exercising the greatest 
influence on fuel efficiency are the careful and expert proportioning 
of engines, boilers, fireboxes, grates, flues, and draft appliances 
so as to produce by their combination the most perfect device to 
extract their full heat contents from fuels. But littie over 8 per cent 
of the energy in fuels is now extracted and converted into work. 

While it is customary to speak of the waste of fuel in the average 
locomotive, we must not forget the extremely unfavorable condi- 
tions under which it is required to work. Space limitations have 
thus far prevented the successful use of condensing engines, and thus 
the locomotive has been deprived of the advantage of 12 to 13 lb. 
additional effective cylinder pressure. It is driven through all 
kinds of weather at high speed, so that radiation losses are excessive. 
To meet the demands made on its boiler for steam, explosive draft 
must be used, which expels much unburned fuel from the firebox; 
the resultant effect of all of which is evidenced in low thermal effi- 
ciency. 

With the increase in the power of locomotives and the use of 
higher steam pressures, mathematical talent has been called upon 
to replace rule of thurib in computing stresses and proportioning 
parts. Questions as to the adoption of alleged improvements are 
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difficult to decide, as they involve first cost, interest, maintenance 
and depreciation, their possible effect on engine failures, and the 
idle time of locomotives while undergoing repairs. Sometimes 
economy of operation is sacrificed to facilitate adjustment and 
repairs, as when outside valve gears replaced the original Stephenson 
link motion. 

The practice of buying locomotives regardless of their adaptability 
to special service, as was done during Federal control, simply be- 
cause they could be built in quantity at some reduction in cost, 
is recognized by competent judges as the poorest kind of economy. 

The brake thermal efficiency—or percentage of energy in fuel 
transformed into work—of reciprocating, condensing, stationary 
steam engines is (boilers excluded) 19.0 per cent, of steam tur- 
bines, 19.2 per cent, and of large power plants (average of eight, 
boilers included), 13.3 per cent; while the thermal efficiency of 
non-condensing steam locomotives at maximum capacity, equipped 
with proven fuel-economizing devices, is but from 7.3 to 8.1 per cent. 

Some of the problems that have been closely studied and have 
been solved to a greater or less extent may now be considered. 

Brick Arches. Brick arches built into the firebox mix the enter- 
ing air thoroughly with the combustible gases rising from the fire 
and save on some types of locomotives about 12 per cent. 

Superheating. The advantages resulting from the use of super- 
heated steam are due mainly to 


a Prevention of cylinder condensation 
b Larger volume of steam per pound. 


Since the cylinder takes the same volume of steam per stroke for 
the same cut-off, it is obvious that substantially fewer pounds of 
steam will be used for the same work done. Superheating may 
save 20 per cent of the fuel. 

Feedwater Heaters. Yeedwater heaters utilize waste heat to raise 
the temperature of the feedwater, thereby relieving the fuel in the 
firebox from heating the cold feedwater from an average of 60 deg. 
fahr. up to 220 deg. and saving about 10 to 14 per cent of the fuel. 

The combined average effect of these three devices in saving fuel 
on passenger and freight locomotives of various types at various 
speeds in actual service is given below, but it must not be forgotten 
that these figures vary widely for different locomotives, speeds, 
and classes of service. 


Arch ; 9 per cent 
Superheater , . 20 percent 
Feedwater heater . 10. percent 


Combined average effect of the three devices 34.5 per cent 


The savings claimed for the various fuel-saving devices are gross 
figures. The cost of applying them is quite large, and in some cases 
not justified by the age or obsolescence of the locomotive; in others 
it is beyond the financial ability of railroads to apply them; hence 
we must be careful to balance cost of interest, maintenance, and 
depreciation against the value of the fuel saved. The net saving 
so determined—not the gross—will show whether the money to 
provide the appliances can be providently expended or not. Ex- 
perience shows that thus tested the gross saving of superheaters 
is reduced from 20 per cent to about 17.4 per cent, and of feedwater 
heaters from 10 per cent to about 6 per cent. 

Boosters. Under normal conditions a locomotive can haul as 
much, or even more, load than it can start. The booster consists 
of a pair of independent engines coupled to the trailer wheels of 
locomotives, thus utilizing weight not otherwise used for traction 
in starting and quickly accelerating trains and in reducing violent 
shocks in starting which are so hard on draft gear and the temper 
of passengers. As it cuts out automatically at a speed of 10 miles 
per hour, it uses steam at low speeds when the boiler can oversup- 
ply the main cylinders. It is therefore an indirect but valuable 
fuel saver through increased locomotive capacity. The booster 
can add about 10 per cent to the starting drawbar pull of heavy 
freight and as much as 25 to 35 per cent to the starting drawbar 
pull of lighter passenger locomotives. 

Feedwater Purifiers. After selecting the softest natural feed- 
waters, such others as we may have to use should be chemically 
treated to reduce objectionable impurities to a minimum. A 
conservative estimate of the effect of scale '/jg in. thick on flues 
is to increase fuel consumption 10 per cent. The Hungarian 
State Railroads on 3000 locomotives use a mechanical feedwater 
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purifier mounted on top of the boiler. The water on entering the 
purifier is subjected to full boiler pressure and temperature, and 
deposits its scale in and on this adjunct to the boiler, instead of in 
the boiler and on the flues. With reduction of scale there is a 
direct saving in fuel consumption, while a reduction in frequency 
of boiler washings saves considerable time and fuel. Without 
the purifier, locomotives washed on an average every five days 
required washing, with the purifier, every 54 days. 

Lubrication. All journal bearings must be carefully lubricated 
to reduce friction; so must the center and side bearings of cars, 
the friction of which prevents the adjustment of trucks on entering 
and leaving curves, and thereby in the aggregate causes a heavy 
increase of the resistance to traction that the locomotive must 
overcome. 

Wear on all wheels of locomotives, tenders, and cars must be 
watched. If the treads are worn hollow or the flanges vertical, 
the areas in contact with the rails when cars are oscillating or round- 
ing curves will be increased and friction correspondingly increased. 
A heavy freight locomotive, tender, caboose, and 60 freight cars 
are carried on over 500 wheels; a slight increase in the friction on 
a few of them only would, in the aggregate, create a heavy drag 
on the locomotive. 

Flange Lubrication. Flange lubrication reduces friction between 
rail and flanges, and therefore has a substantial effect in reducing 
fuel consumption. On two roads where flange lubrication was 
used, locomotive tires showed average miles between turnings of 
33,000 and 44,000 miles, respectively, compared with 16,000 and 
23,000 without. Wear on rails in curves shows a reduction of as 
high as 87 per cent. On one road of excessive curvature and grade, 
the life of locomotive tires was increased 375 per cent with flange 
lubrication. 

Fuel Specifications. To insure full heat value the specifications 
for fuels purchased should cover their value in B.t.u. 

Maximum Load in Vehicles. Freight cars should be fully loaded 
as far as may be. The resistance of a train of empty freight 
cars may run up to 8 lb. per ton; that of cars with average loads 
to 6 lb. per ton, while that of heavily loaded cars, of a total weight of 
60 to 70 tons, may be as low as 4 lb. per ton. The load, in other 
words, should be carried in as few cars as possible. 

Reduction of Dead Weight. As the expenditure of fuel in hauling 
a ton is the same whether or not it is paying freight, it is evident 
that the smaller the percentage of non-paying or dead weight to 
total weight moved, the smaller will be the cost of hauling the 
paying freight. 

The United States Railroad Administration 50-ton single- 
sheathed box car weighs 47,200 lb. and the American Railway 
Association 50-ton box-car design, 42,400 lb., the excess weight of 
U.S.R.A. car being therefore 4800 lb. or 11.3 per cent. Based 
on 1923 data, the saving in fuel by eliminating this excess weight 
is $9.77 per car per year, or $4.10 per ton, which, capitalized at 
5 per cent, shows that an initial expense of $82 in building a car 
is justified to reduce its weight one ton. 

As far as practicable, all weight in a locomotive above what is 
needed for adhesion to develop traction should be eliminated. 

Boiler design to suit class of service and character of fuel requires 
considerable flexibility in this principle. 

Stimulation of Interest and Coéperation in Saving Fuel. Assuming 
that locomotives are properly maintained, inorder to obtain the 
best results from burning fuel we must inspire the interest and se- 
cure the codéperation of the men on the footboards of 65,000 travel- 
ing power plants. How these are attained will appear from the 
following brief of the practice on a large system covering many 
states, and operated under the most varied topographical and 
climatic conditions. 

1 In addition to inspection at each terminal of engines on arrival and 
again before departure to insure correction of all defects before the engine 
begins its trip, very thorough monthly inspections are made of all parts of 
the engines, boiler and appliances, draft arrangements, etc. 

2 Classified statistics supply a complete history of operation. To be 
of most use they are issued immediately after the occurrences they record. 

(a) A fuel bureau receives reports of train and locomotive movements 
within two days after movement. Ton-miles, fuel consumed per 1000 
ton-miles, tons per train for each individual locomotive and each individual 
engineer and fireman are then computed, and the results put into super- 


intendents’ hands three to six days after movement, so shortcomings can 
be detected and quickly corrected. 
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(b) Monthly statements of individual performance of engineers, firemen, 
and locomotives are displayed on bulletin boards. 

(c) A sheet recapitulating results by divisions is issue monthly. 

3 On each division a fuel committee composed of 4 engineers, 4 firemen, 
1 conductor, and 1 brakeman serves for six months and holds meetings bi- 
monthly, the superintendent acting as chairman. The meetings are well 
advertised, and are attended by the superintendent’s staff and employees 
from all related departments, who offer suggestions freely. Experts on 
operating methods and appliances deliver addresses. Motion pictures 
illustrating actual road conditions are exhibited. Minutes of meetings 
are widely distributed and published in employees’ magazine. 

4 To create emulation between divisions, a red silk banner is awarded 
quarterly to divisions showing greatest improvement in the previous year. 

5 Gold-plated cap badges are awarded quarterly on each division to the 
engineer and fireman showing the best fuel record in through and local 
freight and passenger service. 

6 Each superintendent publishes the names of five engineers and five 
firemen having the best fuel records for the month in through and local 
freight, passenger, and yard service on a roll of honor, which is posted in 
roundhouses and printed in the employees’ magazine. A letter of com- 
mendation is sent to each man whose name appears on the roll. 

7 The company sends yearly, at its expense, 38 men, consisting of an 
engineer and a fireman from each division with the best fuel records, as its 
representatives to the Annual Convention of the International Railway 
Fuel Association. 


As a result of the policy described and of many fuel-saving de- 
vices, the company referred to moved 50 per cent more gross ton- 
miles per pound of fuel in 1924 than in 1913. 


V—TRANSPORTATION DEPARTMENT 


About 20 per cent of all locomotive fuel is consumed when the 
locomotive is not doing useful work. 

Avoidable losses of fuel used in firing up; losses from unconsumed 
fuel drawn from fireboxes, from blowing off and cooling down at 
end of runs; and losses incurred while waiting for water, sand, 
and other supplies on roundhouse tracks can be very greatly les- 
sened by reducing the frequency of these occasions by lengthening 
locomotive runs. It is not uncommon now to run freight loco- 
motives over two or three freight divisions, and passenger locomo- 
tives over four, before cooling them. The following are some ex- 
amples of modern practice: 


Passenger 


Road Runs 575 miles and over Mileage 
Southern Pacific Los Angeles, Cal. to El Paso, Tex. 815 
i es Be Parsons, Kan. to San Antonio, Tex. 678 
Union Pacific Kansas City, Kan. to Denver, Colo. 640 
Southern Pacific San Antonio, Tex. to El Paso, Tex. 620 
A. tT: @ B. F- Winslow, Ariz. to Los Angeles, Cal. 602 
Union Pacific Denver, Colo. to Ogden, Utah 577 
Southern Pacific | New Orleans, La. to San Antonio, Tex. 575 

Freight 

Road Runs 350 miles and over Mileage 
Southern Pacific El Paso, Tex. to Del Rio, Tex. 453 
Southern Pacific Sparks, Nev. to Carlin, Nev. 387 
Southern Pacific Houston, Tex. to Algiers, La. 362 
Southern Pacific San Antonio, Tex. to Fort Worth, Tex. 352 


Four locomotives only are used on the Southern Pacific to haul 
passenger trains from New Orleans to San Francisco, a distance of 
2490 miles. 

Good despatching will reduce the number of needless stops, 
and careful planning will avoid fuel waste from locomotives standing 
in sidings because of poor meeting points, and from idle time at 
terminals waiting for trains. 

To stop a freight train of 66 cars weighing with locomotive and 
tender 6,204,000 lb., moving at a speed of 40 miles per hour, and 
to restore that speed requires a consumption of 380 lb. of coal. 

The economy of moving tonnage in as few cars and trains as 
possible and reduction of empty mileage is obvious. 

Trend of Current and Future Economic Development. We now 
touch on a study of the trend of current and future economic de- 
velopment. 

Much idle time and fuel can be saved by carefully designed engine 
terminal facilities, such as hot-water boiler-washing plants, well- 
located supply tracks, etc. and above all ample shops and modern 
tools to make repairs quickly. 

Additional shops and tools provided at El Paso on the Southern 
Pacific Lines have reduced the average time in shops of locomotives 
25 per cent, the effect of which is to add 33 per cent to the number 
of locomotives assigned to that division. 
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On a division operated with consolidation locomotives where 
water is exceptionally good, 16,000 lb. of fuel are saved per loco- 
motive per annum by the installation of a hot-water boiler-washing 
plant. 

Such improved facilities, while requiring large capital outlay, 
will increase the productive time of locomotives. 

The burning of fuel in large terminals and shops should be cen- 
tralized as far as practicable in order to eliminate machinery start- 
ing and stopping losses. Through free use of individual electric 
motors on large tools and groups of small tools, the waste of running 
long lines of shafting and of operating tools needlessly when but 
one or two on the line are used, can be eliminated and substantial 
economies can be effected in the 16,000,000 tons of fuel consumed 
on railroads in shops, stations, ete. Twenty per cent of the power 
in a large railroad shop was saved by eliminating steam-pipe losses 
and 13 per cent more by abandoning long lines of shafting and 
many belts through substituting electric for steam power. The 
changes represented a saving of $120,000 per year. 

In locations where electrical energy can be purchased at lower 
cost than it can be produced by the railroad, opportunities for 
substantial fuel savings are presented. 

The effect of all of the factors influencing increased work ob- 
tained out of fuel on a system of over 11,000 miles was to increase the 
ton-miles moved per pound of fuel 50 per cent from 1913 to 1924. 

It is encouraging that the improvement in the work obtained 
from a pound of fuel is constant, but it is disappointing to reflect 
that we are indebted to European engineers for most of the im- 
provements now in use on our locomotives. This is the case with 
the improved outside valve gear, superheaters, and feedwater 
heaters, some details of which, however, have been designed by 
American engineers; but nevertheless it is mortifying to admit 
that the principles underlying these devices were not first used in 
our country. The reason, of course, is that heretofore fuel has been 
so cheap and easily obtained with us that there was little induce- 
ment to pay much attention to its conservation; conditions have 
radically changed in the last few years, however. 

The two principles affecting most profoundly the efficiency of 
stationary steam engines are compounding and condensing. Com- 
pounding alone may increase the efficiency of an engine 13 per cent, 
and condensing alone may increase it as much as 30 per cent; that 
is, condensing alone would increase the efficiency of fuel consump- 
tion of locomotives nearly as much as the brick arch, superheater, 
and feedwater heater combined, which we have already seen 
amounts to 34'/, per cent. Compounding, which was used in the 
United States at one time very much more than now, will certainly 
come into use again; so that the combined effect of all the devices 
we have described, with compounding and condensing superadded, 
would be: 

Per cent 


The brick arch when used has reduced fuel consumption to 91.0 


The superheater when added has reduced it to............ 72.8 
The feedwater heater when added, to.................... 65.5 
Using condensing engine may reduce it to................ 45.9 
Compounding may reduce it to.................cccceees 39.9 


Our European railroad brothers are fully alive to the advantages 
of using a condensing engine on the locomotive, as evidenced by 
descriptions published in the technical press in the past year or two. 

Turbine Locomotives. The Swiss Federal Railways, says the 
Railway Review, of April 16, 1921, are testing a 10-wheel type loco- 
motive with superheater, driven by a condensing steam turbine 
located on the locomotive frame in front of the smokebox. It 
is claimed that tests so far show a reduction of fuel consumption 
of 25 per cent compared with compound locomotives of usual con- 
struction, and very smooth running at high speeds on account of 
the reduction of heavy reciprocating parts. 

The Swedish State Railway has built a turbine locomotive that 
was described in the same journal August 12, 1922. It is claimed 
that this locomotive, the Ljungstrém, shows a fuel consumption 
of about 50 per cent of that of a Pacific-type locomotive which it 
replaced. 

The London and Northwestern Railroad has built an experi- 
mental locomotive driven by a condensing turbine which operates 
a generator, and the power is applied to the driving wheels through 
four electric motors of 275 hp. each. 
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Electric Locomotives. Where electric current can be generated 
from water power, trains can be moved very cheaply, but where 
the current is generated in a steam plant, the advantages are very 
much diminished. 

Data given in United States Geological Survey Professional 
Paper No. 123 show that in eight large steam-electric plants studied 
in 1919, 12.2 per cent of the energy in coal is converted into electric 
energy; transmitting this electric energy to the motors of an electric 
locomotive reduces the available power to 9.9 per cent, and this is 
further reduced in the motors to 8.4 per cent of the total original 
energy in the coal. The corresponding efficiency of a modern steam 
locomotive with arches, superheater, and feedwater heater is 8.1 
per cent under favorable conditions. While under existing condi- 
tions the advantage may be more than indicated in favor of the 
electric locomotive, the spread is hardly enough to tempt capital 
to assume the expenses of interest, depreciation, tax, and main- 
tenance expenditures that would have to be incurred in changing 
from steam to electricity generated in a steam plant. The sound- 
ness of this conclusion was demonstrated by studies made of the 
Sierra Nevada and other heavy grades on the Southern Pacific, 
where trains on the former are lifted 6854 ft. in 86 miles. Assuming 
current generated in a steam station, the interest, taxes, and de- 
preciation on additional net plant required were found to be more 
than three times as great as the estimated savings to be obtained 
from electric operation. 

Other considerations such as smoke prevention and increasing 
capacity on heavy grades may influence the problem, but the 
speaker recalls no instance of a change being made solely to save 
fuel where a steam-generated current was used. The steam loco- 
motive is by no means as obsolescent as its critics would have us 
believe. In an address published in the March, 1920, edition of 
the Journal of the American Institute of Electrical Engineers, a 
fuel consumption of 100 lb. per 1000 gross ton-miles by electric 
locomotives is given as applicable “to conditions universally ob- 
taining on regular profiles.” Data published by the Bureau of 
Railway Economics in September, 1921, show that the fuel con- 
sumption on 24,000 selected miles of steam railroad averaged but 
slightly over 100 lb. per 1000 ton-miles. Embraced in this mileage 
were the New York Central, Illinois Central, Chesapeake & Ohio, 
and St. Louis Southwestern. On 3142 miles, or 60 per cent of 
Southern Pacific main-line mileage, the fuel consumption in the 
same month was approximately 100 lb., while on the Salt Lake 
Division, 543 miles, the fuel record in October, 1921, averaged 
but 91 lb. per 1000 gross ton-miles for all locomotives. During 
the entire month of October, 1924, 62 Southern Pacific freight 
engineers held records of having moved 1000 gross ton-miles with 
a fuel consumption running between 48 and 59 lb. per 1000 ton- 
miles, under “conditions universally obtaining on regular profiles,” 
or but little over half of what was considered a reasonable fuel 
consumption for electrically moved trains. 

These are every-day performances, while we must remember 
that in the case of the Swedish experimental locomotive, and in 
records of electrically operated trains, the data relate either to 
experimental runs or to performance under exceptional conditions. 

The performance of the modern steam locomotive in every-day 
service and without favorable stage setting is shown in the records 
of some American roads. On one of them, 26 superheated consoli- 
dation locomotives showed in daily service on a run with long grades 
of 21 ft. per mile an average consumption of 63'/2 lb. of coal per 
1000 gross ton-miles, the range being from 55.8 to 71.7 lb. 

Still more creditable to the steam locomotives and the men who 
drive them are the records of individual runners. Engineer A in 
two trips with trains of 2809 tons consumed 48.7 lb. per 1000 gross 
ton-miles; Engineer P in eight trips with trains of 2863 tons con- 
sumed 58.2 lb.; Engineer R in fourteen trips with trains of 2411 
tons consumed 58.3 lb. 

Internal-Combustion Engines. These engines vary widely in 
thermal efficiency and weights per unit, as shown in the table at 
the top of the next column. 

The use of the first type, except perhaps for short runs under ex- 
ceptional conditions with light vehicles, is prohibitive on railroads, 
because although the automobile engine is two and one-third times 
as efficient as the steam locomotive, the present cost of its fuel is 
ten times as great. 
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Brake thermal 


Weight per brake efficiency, 

Engines horsepower, Ib. per cent 
NINO chs crac. dk a avz esate aves doccs waren 15 19.0 
ee rer 370 35.0 
BORONET CWOOROIG. 5. Sion ie Sesieccdnie ens 250 30.0 


Airplane (Packard—recent press item).. 1.04 Ib. per hp. 


The Diesel engine, however, shows the highest thermal efficiency 
of any known engine. We have seen that the most modern loco- 
motive transforms but about 8.1 per cent of the heat energy of fuel 
into work; the Diesel, however, transforms 35 per cent, or over 
four times as much. __ Its fuel (crude oil, commonly called ‘Diesel 
oil’) is not converted into gas as in gasoline engines, but is burned 
in the cylinder in the form of spray, and the expansive force of the 
products of combustion provides the motive power. Like the gas 
engine, however, it cannot start itself but must use some form of 
variable-speed transmission to start trains; the best way so far 
devised consists of electric transmission, but the combined engine 
and generator plants have proven so heavy as to bar its use for 
heavy traction. Because of its high thermal efficiency the Diesel 
engine offers opportunity to make great savings, and its future is 
very hopeful. A locomotive of this type now being built for the 
Southern Pacific by the Baldwin Locomotive Works seems to have 
overcome these handicaps and will soon be ready for trial. 

The designs of an Italian Diesel locomotive show the following: 


Weight in operation, approximately................ 
Tractive effort at 18 /s MB... ose cis iw es ees 


117 tons 
19,840 lb. 


The locomotive is started by highly compressed air stored in 
tanks and fed to cylinders at each end of the locomotive, which 
run it until sufficient speed is attained to start the Diesel engines, 
when the compressed air is cut off. The air tanks are recharged 
by means of a connection with the main engines. The estimated 
fuel saving over a steam locomotive is 66?/3 per cent. 

This design shows progress in adapting the Diesel engine to 
locomotives of serviceable commercial sizes, particularly in solving 
the problem of weight, as the weight of a steam locomotive and 
tender to develop about 20,000 lb. tractive effort is 150 tons. 

The hope of the railroad executive for conserving fuel lies in: 

1 Substituting hydroelectric current for steam, as our best 
steam locomotives can now fully equal the efficiency of electric 
locomotives using current generated in steam power stations. 

2 Substituting compound condensing engines for the simple 
engines now used. From progress made in Europe, the solution 
of this problem appears encouraging. 

3 The discovery of a cheap, high-gravity fuel that can be used 
in some such engine as is used on automobiles and airplanes. 

4 Reduction of the weights of Diesel engines sufficiently to per- 
mit of their use as locomotive engines, and the development of a 
satisfactory variable-speed transmission which will weigh very 
much less than an electric generator and motor. 

A Diesel-electric locomotive built in Germany for the Russian 
Government shows an overall efficiency between 21 per cent and 
27.4 per cent. A steam locomotive tested at the same laboratory 
two days later averaged a total efficiency from 7.6 to 8.67 per cent. 
The fuel consumption of the Diesel-electric locomotive was about 
one-third that of the steam locomotive. 

In a special report published in 1923, the National Industriai 
Conference Board appointed a committee to determine among 
other things: 

1 Do the industries in the United States need more or fewer 
engineers than the number now being graduated from 
the engineering schools and colleges? 

2 What kind of men do the industries require from the engi- 
neering schools and colleges, and what should be the nature 
of their education? 

“The expansion of industry,” says the report, ‘“‘has been accom- 
panied by vastly increased complexity of industrial operations, and 
the grouping of greater numbers of workers in corporate units has 
placed upon employers an increased social responsibility toward their 
employees, and toward the life and affairs of the community. All of 
these changes have created problems of human, social, and political 
relationships in which industry and society as a whole have be- 
some increasingly dependent upon trained technical and adminis- 
trative leaders.” Solutions to these problems have been sought 
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by railroad executives in the establishment of pensions for super- 
annuated and incapacitated workers; in hospital departments, 
to furnish hospital service on the payment of nominal fees; by the 
establishment of group life-insurance plans whereby employees, 
regardless of age and without physical examination, receive the 
benefits of life insurance at approximately one-third the cost of 
the current commercial rates; and by the establishment of rest 
and reading rooms at terminals where no opportunities exist for 
relaxation after working hours. 

The report also states that of the 41,600,000 persons who were 
gainfully employed in 1920, according to the United States census 
for that year, less than 4 per cent planned the activities and directed 
the energies of the whole working force. The same census figures 
show that since 1870 the number of administrators, supervisors, and 
technical experts has rapidly increased. In 1870 the number of per- 
sons engaged in administration and supervision was 170,000, or 1'/, 
per cent of those gainfully occupied. In 1890 the corresponding 
figure was 450,000, or 1.74 per cent, and in 1920, 1,510,000, or 3.6 
per cent. 


An examination of the personal records of the chairmen and presi- 
dents of the railroads of the United States show that in 1922, out 
of 32 chairmen, 11, or 34 per cent, had risen from the Engineering 
Department, and out of 171 presidents, 33, or 19 per cent, had risen 
from the ranks of engineers. Based as they are on data taken from 
census reports, the conclusions of the National Industrial Confer- 
ence Board show increasing demands for the services of trained men, 
and furnish the most reliable and valuable information obtainable 
on the matters before us. As to schools, the report says: 


It is the business of the schools to train young men into fertile and exact 
thinkers, guided by common sense, who have a thorough knowledge of 
natural laws and of the means for u‘ilizing natural forces for the advantage 
of man and the advancement of civilization. In other words, it is the 
business of engineering schools to produce, not finished engineers, but young 
men with a great capacity for becoming engineers, the goal being attained 
by the graduates only after vears of development in the school of life. 


Although a good technical expert may not develop into a good 
executive, nevertheless successful administrators should have 
certain characteristics, such as a good grasp of the fundamentals 
of science, the ability to think logically and quantitatively, exactness 
of method and power of analysis, the habit of looking forward, 
sound economic theories, an unlimited capacity to learn, pronounced 
firmness combined with a high sense of fairness and charity needed 
to control men, and the ability to write and speak clearly and 
correctly. 

Mr. F. B. Jewett, vice-president of the American Telephone 
and Telegraph Company and president of the Bell Telephone 
Laboratories, Inc., expresses these views: 


The industry which I am connected with is a highly technical one which 
is based on physics and chemistry and mathematics; but so are many of 
the big industries in our country, and the more I see of them, the more 
convinced do I become that the directors of these industries in the future 
are going to be drawn more and more from men who have a thorough ground- 
ing in the fundamentals on which the industries are based. In the old 
days it was not so, but each day we go on now, it becomes more clearly 
apparent that because the industries are technical, because they are based 
on the fundamental science, they must be guided by men who have a thor- 
ough appreciation of the fundamentals, because business is hardly more than 
mixing the dollar or cents with physics and chemistry and mathematics. 
Since engineering schools are the place where we expect to turn out men who 
are going to guide technical industries, we should turn out men who know 
the principles of the fundamental sciences; who know the method of com- 
bining fundamental sciences with the dollar and cents’ proposition, and know 
English in a way to enable them to express clearly what they know, so that 
others may profit by it; because it does none of us very much good to be 
ever so wise if we cannot express our ideas to others. 

It seems to me that if the engineering schools of the future are going to 
perform their function for the industries, they have get to get closer to the 
proposition of teaching and really inculcating the fundamentals. Let the 


matter of trying to make executives go, if you will. The men of executive ° 


ability will come to the fore in the general run of things, I think, provided 
the Lord gave them the right human traits, and provided they have a 
thorough grounding in the fundamentals. 


Mr. E. M. Herr, president of the Westinghouse Electric and 
Manufacturing Company, says: 


I have been very much impressed with the discussion, and especially by 
the points brought out by the last speaker. I heartily endorse his view of 
the importance of the fundamentals, and of the idea of patient plodding 
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in the minds of men who are going into industry. There is no royal road, 
to my mind, to a place of commanding importance in industry, or in any 
other business, and I do not believe that it is the function of educational 
institutions to try to teach young men to become captains of industry and 
administrators, or occupy very great and important executive positions. 


Still another executive comments as follows: 


While there is general agreement on this view that one of the leading essen- 
tials in education in relation to industry is an adequate training in, and knowl- 
edge of, fundamentals, there is wide variation in the meaning of the term 
“fundamentals."” From the point of view of the industrialist, the term 
“fundamentals” means not only a general groundwork of useful knowledge, 
but, more especially, a training in the power to use this knowledge in effective 
thought and action. 

The fundamentals of engineering training may be stated as follows: 

(a) Mathematics. 

(b) The important principles of physics (mechanics, heat, light, sound, 
electricity, magnetism), chemistry, biology and geology, the interrelations 
of natural phenomena and the application of these principles to practical 
problems. 

ce The principles of economics and their application to industry and 
commerce. 

d The principles that govern the relations between people, not only as 
applied to managers and men, but also as applied to governments and 
society. 

e The history of nations. 

f The art of clear and correct expression in speaking, writing and draw- 
ing. 

The relative emphasis to be placed on each of these fundamentals is a 
matter to be determined for each engineering course. 


In emphasizing the importance of training we must studiously 
avoid withering the aspirations and stifling the ambition of the 
large numbers of men in railroad and industrial service who have 
not had the benefit of overmuch school or any college preparation. 
These men outnumber vastly the high-school and college men, 
and to their credit be it said that the 65 per cent of chairmen and 
81 per cent of presidents remaining after taking account of those 
that have risen from the ranks of engineers, have been drawn largely 
from the men who have had none of the benefits of higher educa- 
tion. Without mentioning them, the names of a number of the 
ablest and most distinguished railroad chairmen and presidents in 
the United States, who have by sheer ability and pluck risen from 
lowly ranks and have actually built their own careers and builded 
admirably well, suggest themselves. 

Sympathetic guidance of both the college man and the non- 
college man presupposes a careful evaluation of the work of all 
employees and assurance to them that talent and effective work 
will be known to, and appreciated by, the management. Educators 
report a growing feeling among undergraduates that in most large 
corporations a young employee often is lost in a department, and 
for many months may not come under the observation of the leading 
men of the organization. A large public-utility company, the 
two largest manufacturers of electrical apparatus, and a few other 
large corporations which have unusual and enlizhtened personne! 
departments, in many cases are getting the pick of the young talent 
because of their attention to this problem. 

These are some of the ways in which industry can supplement 
the work of the educators, and profiting by their example thus can 
we help those who are to “carry on’”’ when we shall have passed. 


The Economic Question of the Flettner Rotorship 


COMMENTING upon the recent trip of the German rotorship 
Buckau to Scotland, the Association of German Seamen in Ham- 
burg discussed the economic side of this new type of vessel. It 
was stated that no saving in the number of crew will result from 
the adoption of the Flettner rotorship, and that in the best case a 
saving will result only in the amount of fuel for the oil engine used 
in connection with the rotorship. Judging by the trial trip to 
Scotland there is a saving in fuel amounting to 30 per cent, which 
is equal to about $6.30 a day. The saving in fuel for a year with 
90 days at sea would amount to $567, equal to 1'/2 per cent of total 
operating cost. These savings, it is stated, will be offset by the 
high insurance rates charged by marine insurance companies for 
rotorships. Commenting further upon the fact that the rotor 
can be used effectively at a moderate wind velocity only, the associa- 
tion takes the view that the rotorship can not be employed to 
economic advantage.—German Trade Reports and Opportunities, 
Mar. 1, 1925, p. 33. 
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Performance of Centrifugal Fans for Electrical 
Machinery 


By CARL J. FECHHEIMER,! EAST PITTSBURGH, PA. 


The ordinary commercial centrifugal fan is provided with a stationary 
collecting device, generally a volute, which usually improves the perform- 
ance materially. In the fans used in cooling electrical machinery, how- 
ever, such collecting devices cannot be readily applied, and the revolving 
impeller therefore forms the sole means for developing the pressure needed 
to drive the air through the vent ducts. The present paper gives results of 
an extended series of tests recently made to determine the performance of 
centrifugal fans without collecting devices, and to obtain sufficient data to 
enable designers to select types of fans intelligently and to predict their 
performance. 


for the air and additions are usually unnecessary for cooling. 


[: direct-current electrical macifines, the coils act as impellers 
In enclosed machines, such as steam-turbine-driven generators, 


charged upward, the outlet from the vertical duct being controlled 
by means of a horizontal door which is used as a valve. 4 

To minimize leakage of air for most tests, a 1.5-in. by 1.5-in. angle 
iron was bent in a circle to form a flange ring, its external diameter 
(18 in.) corresponding with that of the fan. The horizontal part 
of this flange ring cleared a stationary ring by about '/;, in. In 
consequence the shaft could have the usual axial play in its bear- 
ings without much leakage through the '/j-in. clearance. 

There are six air guides in the chute, three of which are vertical 
and the other three nearly horizontal. These air guides consist 
of flat sheet steel, one dimension of which is just a little less than 
the corresponding dimension of the chute, the other dimension 
being 12 in. One end of these steel sheets is pivoted. At the 
other end of the sheets, steel straps brought out through the wall 
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there are definite fans added near the ends of the rotor body. In 
such machines it is usually found that a collecting device cannot 
readily be applied, and the revolving impeller must be the sole 
means of driving the air through the vent ducts. 

Our principal problem was to determine the performance of 
centrifugal fans without a collecting device, and to obtain data on 
the influence of the following independent variables: 

1 Shapes of blades 
Number of blades 
Width of blades 
Depth of blades 
Influences of leakage paths with different kinds of blades 
6 Influence of intake restrictions, and 
Effects of certain external influences. 


Tue Test Ria 


The test rig, shown in Fig. 1, includes a wheel mounted on a 
Suitable shaft supported in bearings at either side and driven by 
belt from an electric motor. This wheel rotates in a wooden 
box, at one end of which a chute is joined. After flowing the 
length of the chute the air turns through a right angle and is dis- 
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~ 


1 Research Engineer, Power Engineering Dept., Westinghouse Elec. & 
Mfg. Co. 

Presented at the Spring Meeting, Cleveland, Ohio, May 26 to 29, 1924, 
of THe AMERICAN SocieTyY OF MECHANICAL ENGINEERS. Abridged. 


of the chute afford a means of adjusting the guides without opening 
the chute, so that the air velocities are nearly uniform. 


THE VoLUME METER 


The meter as used was a modified form of the Thomas meter,’ 
and consisted of a heater, which was placed at the central part 
of the section of the duct intended for the meter, and two sets 
of thermocouple junctions, one set about 12 in. in front of, and the 
other set the same distance behind, the heater. The heater wires 
were vertical to avoid sagging and short-circuiting, and were braced 
by means of a glass rod about half-way up. 

A considerable error may be introduced with this type of volume 
meter if the velocities are materially different for different sections. 
If the sectional area of the duct be broken into a number of small, 
equal areas, then the ratio of the volume that would be measured 


‘The principle of operation of the meter is that the heat developed 
electrically is picked up by the moving air streams, the temperature of 
the air being dependent upon (1) the mass per minute, (2) the number of 
heat units developed in the heater per minute, and (3) upon the specific 
heat of the air. In the meter developed by Prof. Carl Thomas the tem- 
perature rise of the air (or other gas) is measured by means of resistance 
exploring coils connected with other fixed external resistances in a Wheat- 
stone-bridge network. For our particular work thermocouples were found 
to be preferable for measuring the air-temperature rise. The power in- 


put to the heater, measured electrically, gives the heat developed per unit 
time. 
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Fie. 2 Metuops or AppLtyInG CENTRIFUGAL Fans TO ELECTRICAL 
MACHINERY 
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Fic. 3 PrerrorMANce Curves oF Fans or Various Types 


(All fans have the same general dimensions and operated at 1800 r.p.m. with 
rotating shroud and flange rings; blade shapes were different, as shown. For 
performance curves with other numbers of blades, see Fig. 4.) 


were the velocities uniform to the volume that is measured, is 


equal to: 
(zV) ( z= ) 
R= —— 


n? 


where V is the velocity considered uniform in any small area and 
n the number of small areas. 

To determine the distribution of velocities in the duct, a pitot 
tube was used, and the air guides previously described were ad- 
justed until the error due to non-uniformity of velocities was less 
than 1 per cent. 


STatic-PRESSURE MEASUREMENT 


The air inside the box in which the fan rotated whirled around with 
the fan, the velocity of whirl decreasing as the radius increased. 
Consequently higher pressures were developed at the outer peri- 
phery of the box than near the fan; perhaps, too, a little of the ve- 
locity head was converted into pressure. If air near the inside 
of the wall of the box were trapped so as to be stationary and if 
the pressure of this trapped air were then measured, an accurate 
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equivalent of the useful pressure in the end bell of an electrical 
machine would be obtained. Three curved pieces of sheet steel 
were put in the corners of the box shown in Fig. 1 principally for 
this purpose, there being enough leakage at the ends of these sheets 
axially to permit air to enter the “trap” back of the curved sheet 
and assume the same pressure as in the box near them. An air- 
tight connection between the trap and a manometer enabled the 
trap pressure to be measured. 

To avoid errors due to pulsations and turbulence a special pres- 
sure gage was devised. This gage had a diaphragm about 0.01 in. 
in thickness which was flush with the inside surface of the upper 
wall of the duct. A “test indicator’ such as is used for measuring 
small deflections and reading to 0.001 in. per division, had its 
plunger in contact with the upper side of the diaphragm. When 
the pressure in the duct is above that of the atmosphere, the 
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Fie. 4 PerFrorMANCE CurRVES oF Fans oF Various TypEs 


(See note under caption of Fig. 3 and sketches at top of that figure. For watts 
input, see Fig. 5. For performance with different number of blades, see Fig. 3.) 
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diaphragm moves upward and the needle of the gage deflects. 
A small hand pump is then used to increase the pressure in the small 
chamber above the diaphragm until the indicator reads the same as 
when no air flows. This in conjunction with a manometer results 
in a zero method of measurement, like a potentiometer. 
Power Input, Ourput, AND EFFICIENCY 
A small motor of about 5 hp. capacity was belted to the fan 
and the input to this motor was measured in the usual way. The 
power output, neglecting the power represented by the velocity 
head multiplied by the volume, is: 


Pressure X Volume 








H rse wer = 
wie 6350 
Watts = Frenne Volume 
8.51 


The pressure is the static pressure in inches of water column, and 
the volume is in cubic feet per minute. 

The velocity head of the air stream after leaving the fan has 
been neglected because (1) it is impossible to evaluate the velocity 
head when a collecting device is not used, and (2) nearly all of the 
velocity head is destroyed, and only the static pressure must be 
relied upon to drive the air through the vent ducts. 

Resutts or Tests oN Fans 
All fans were tested at 1800 r.p.m. and had the same external 
diameter of 18 in. Tests were classified as follows: 
A—Internal Influences (the impeller only): 
1 The shapes of the blades (Figs. 3, 4, 5, 12) 
The number of blades (Figs. 6, 8, 9, 10, 13) 
The width of the blades (Figs. 7, 19) 
The depth of the blades (Figs. 6, 17, 18) 
The use of a partition (Fig. 20). 


Cr de OO to 


B—External Influences: 
1 Leakage paths, including omission of shrouds and 
rotating flange rings (Figs. 10, 11, 12, 14, 16, 18) 
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Fic. 6 PrerrorMANCE Curves oF Various FANS WITH RapiaAL BLADES 


_ (Fans operated at 1800 r.p.m. with rotating shroud and flange ring. All fans 
ne sketch, except No. 9, for which internal diameter was 12 in.; otherwise like 
Sketch.) 
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Fig. 8 PERFORMANCE CuRVES OF FAN No. 1 
(Tested at 1800 r.p.m. with rotating shroud and flange ring.) 


3 Diffuser and stationary guide vanes (Figs. 21, 22) 
4 Intake restrictions (Figs. 23, 24, 25). 
Al—Shapes of Blades. It was believed from theoretical con- 
siderations that about 25 deg. blade angle at entrance would be 
best for ratios of internal to external diameters between 0.8 and 
0.85. Accordingly three fans were built with that angle (Figs. 3, 
4, 5), one with curved blades terminating radially (No. 4), one 
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Fic. 11 PrerrorMaAnce Curves or Fan No. 5 
(Reduced to 1800 r.p.m 
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Fic. 12 PerrorMance Curves or Fan No. 6A 
(15 blades. Tested at 1800 r.p.m.) 
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Fie. 10 PrERFORMANCE CuRVES OF Fan No. 3 


Tested at 1800 r.pm 
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Fie. 13 Perrormance Curves or Fan No. 0 
(Tested with rotating shroud and flange ring at 1800 r.p.m.) 
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[All tests on Fan No. 5 (18 radial blades) at 1800 r.p.m.] 


with curved-back blades with substantially uniform section between 
blades (No. 2), and one with straight blades (No. 3). Fans with a 
15-deg. entrance angle have frequently been built for use in elec- 
trical machinery, and therefore that type was also tested (No. 1). 
Inasmuch as radial blades must be used for machines that operate 
in either direction of rotation, that type was also made (No. 5). 
The performance of another curved-blade fan which was built to 
check the performance on a fan previously built for a turbo- 
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PERFORMANCE CuRVES OF Fan No. 9 
1800 r.p.m. 


(9 blades, To imitate obstruction offered by end windings.) 
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Fig. 17 PERFORMANCE CuRVES or Fans Nos. 1 anv 10 


(Both fans 18 in. in external diameter with straight blades inclined at 45 deg. 
to tangent at inner periphery. Fan No. 1 has 21 blades; fan No. 10, 12 blades. 
Internal diameters: Fan No. 1, 15 in.; fan No. 10, 12 in.) 


alternator, w ¥ ne found in Fig. 12. With the exception of the 
curves on Fig. 12, all data on the other curve sheets (Figs. 3, 4, 5) 
pertain to fans ‘a the same dimensions (18 in. external diameter, 
15 in. internal diameter, 1.875 in. wide) and operated under 
identical conditions. The only difference between Figs. 3 and 4 is 
in the number of blades, and in Fig. 5 the watts input are plotted 
for the smaller number of blades as in Fig. 4 
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Fig. 18 PERFORMANCE CuRVES OF Fans Nos. 3 AnpD 11 


(Both fans have 12 straight blades inclined at 25 deg. to tangent at inner peri- 
phery. Internal diameter of fan No. 3, 15 in.; of fan No. 11, 12 in. All tests at 
1800 r.p.m. Note that curves of fan No. 3 differ slightly from earlier tests in 
other figures. ‘‘Without shroud’? means without rotating but with stationary 
shroud, as in sketch.) 
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Fic. 20 PrerrormMance Curves oF Fans Nos. 13 anv 14, SHOWING 
INFLUENCE OF PARTITION 
(Blades spaced '/j;2 of circle in both fans. All tests at 1800 r.p.m.) 
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The differences in performance for the five fans are indeed re- 
markable. It will be seen from Figs. 3 and 4 that No. 2 fan gives 
‘maximum efficiency in accordance with theoretical considerations. 
However the restricted area between blades decreases the maximum 
volume. No.3 fan with straight blades but with the same entrance 
angle as No. 2 has nearly as high maximum efficiency, and delivers 
a larger volume of air for a given pressure. There is a material 
improvement in the efficiency of 25-deg. straight-blade fans over 
45-deg. fans. An idea of the increase in efficiency obtained by 
changing the entrance angle from 90 deg. to 25 deg. and curving the 
blade will be seen from an inspectio™ of curves for fan No. 4, Fig. 3. 

With reference to blade shape as affecting the power input, the 
family of curves in Fig. 5 is especially interesting. The rapid 
increase in power consumption with volume of delivery is well 
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Fig. 19 Curves SHOWING COMPARATIVE PERFORMANCE OF INCLINED- 
Buapve Fans or Various WIipTHs 
(All fans have 12 straight blades inclined at 25 deg. to tangent at inner periphery 
All tests at 1800 r.p.m.) 
known for radial-blade fans and many other shapes. The power 
curve for a fan with small entrance shock loss but large loss at 
exit (No. 4) is of much the same shape. But with the backwardly 
curved blades (No. 2) the power consumption rises to a maximum 
and then falls, there being about the same input for maximum 
volume as for zero volume. A somewhat similar condition of 
reaching a maximum and then falling slightly holds for straight 
blades with the same entrance angle (No. 3). This curve is es- 
pecially interesting because the power input is nearly constant 
over what might be considered to be working range (Fig. 5). 
A2—Number of Blades. The surprisingly small gain by the use 
of a large number of blades is particularly evident; in fact, in many 
of the fans the performance is better with the smaller number. 
A3—Widths of Blades. With a large discharge area the volume 
may not be proportional to the width, as the air distribution axially 
becomes less uniform as the width is increased, thereby giving rise 
to non-uniform velocities between blades. The greater pressure de- 
veloped with the wide fan tends to offset this somewhat, but it has 
been found that the maximum volume per inch of width may de- 
crease as the fan is widened; there being one width of fan for which 
the volume (at zero pressure) per inch of width is a maximum. 
Between the points of zero volume and zero pressure the volume 
and pressure must necessarily be affected by the eddies and the 
greater developed pressure with increased width, one tending to 
offset the other, the result being that if the volumes per inch of 
width be plotted as abscissas, the pressures are highest for the 
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widest fans (for the low volumes); and there are definite widths 
which give the highest pressures at the large volumes, neither the 
very narrow nor the very wide fans giving the large pressures at 
the large volumes. 

As the width is increased the volume is increased nearly in pro- 
portion, and the area of inlet (between, say, the inner diameter 
of the impeller and the shaft) remains constant. Consequently 
the velocity through this section increases with the fan width, 
and as this is accompanied by a loss of head proportional to the 
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(9 radial blades; r.p.m., 1800.) 
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Fig. 23 PerRFoRMANCE CuRVES OF Fan No. 3, SHowinG INFLUENCE 
oF INTAKE 


(Fan has 12 straight blades inclined at 25 deg. to tangent. 


’ External and internal 
diameters 18 in. and 15 in., respectively; r.p.m., 1800. 


Intake shown in Fig. 25.) 
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CurvEsS SHOWING PRESSURE (SuCTION) AT VARIOUS POSITIONS 
oF INTAKE TO FAN FoR VARIOUS VOLUMES 


(See Figs. 23 and 25. 
. ox 
ao 


Numbers on curves refer to positions in intake given in 
Fig 5.) 


square of the velocity, there is a limit imposed beyond which the 
fan width should not be increased. 

A4—Depth of Blades. The improvement in efficiency with the deep 
blades is particularly marked in the curves of Fig. 6. For a com- 
parison of performances with deep and shallow blades for 45-deg.- 
inclined blades see Fig. 17, the conditions of test being the same for 
the curves indicated by the small circles and triangles. The change 
in performance of the 25-deg. straight-blade fan due to change in 
depth will readily be seen from an inspection of Fig. 18. There is, 
with the deeper 25-deg. blades, an increase in pressure at small 
volumes, a slight decrease in volume at low pressures, and a decrease 
in maximum efficiency. It would seem that the shock loss at 
entrance is increased by deepening the 25-deg. blades but is de- 
creased with radial blades. 

A5—Partition. In general a partition is used only to reduce the 
stresses in the blades. Only one test was made to determine its 
influence upon the performance (Fig. 20). In this case the 25-deg. 
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straight-blade fans were the ones investigated. At low volumes 
the pressure is reduced due to the reduction in effective depth of 
whirl. Furthermore the partition reduces the sectional area 
through which the air flows, and that combined with the reduced 
pressure (at least at small volumes) reduces the volume. However, 
the curves cross at the higher volumes, showing that the partition 
reduces the eddying between blades. In general, it would seem 
that the partition is detrimental to the performance. 

B1l—Influence of Leakage Paths. In applying centrifugal fans 
to electrical machinery, as illustrated in Fig. 2, the construction is 
often considerably simplified by omitting a rotating shroud ring 
(Figs. 2a and 2b). 
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Fic. 25 Vertican Section oF Fan, CAsinG, AND INTAKE 
(Positions for pressure readings indicated by numbers in circles. See Fig. 24.) 


With or without a rotating shroud, if there is a certain clearance 
between the fan blade and the stationary shroud, air is lost through 
this clearance. In the curves various test results showing the influ- 
ence of leakage are given.! 

Although tests were made on radial-blade fans of several numbers 
and widths, with and without the flange ring, to determine the 
influence of leakage through the space which had been occupied 
by it, only the tests on-the 17/s-in.-wide 18-blade fan are given here. 
In all cases the results showed but little change due to the removal 
of the flange ring. Generally, the volume was increased when 
the flange ring was removed for the low-pressure parts of the 
curves. 

B2—Influence of End Windings. In induction motors in which 
the clearance between stator bore and rotor is small and the coil 
ends may not be flared back very much, the obstruction offered 
by the coil ends may not be negligible. The end-winding obstruc- 
tion was imitated by cutting '/;-in. slots in a sheet of fullerboard 
placed around the test fan. Between slots, solid spaces !/, in. 
wide imitated the coil ends. Obstructions were further placed in 
the path of the air axially to imitate the rings used for supporting 
the coil ends (see Fig. 15). Two sets of tests were made with two 
different ratio clearances (at one end only) to imitate two different 
backward flares of the coil ends. All of the tests are plotted in 
Fig. 15. 

B3—Diffuser and Stationary Guide Vanes. Tests were made on 
the deep-radial-blade fan with diffuser; and on the fan having 
shallow blades inclined 25 deg. both with diffuser and with station- 
ary guides. (See Figs. 21 and 22.) With both fans there is a 
gain in pressure and efficiency due to employing the diffuser, but 
it is considerably greater with the inclined-blade fan than with the 
one having radial blades. With the inclined blades the pressure 





1 Other tests to determine influence of leakage with radial blades were 
made, but are not published. Results were similar to those in curves in 
Fig. 10. 





Vou. 47, No. 5 


at zero volume was increased 10 per cent, the volume at zero pres- 
sure 12 per cent, and the maximum efficiency from 38 to 45.5 per 
cent. The curves with and without diffuser have the same general 
shape. In order to obtain much of a gain by means of a diffuser the 
latter should be fairly deep radially. When vanes were fitted into 
the diffuser which had previously been used (see Fig. 22), the pres- 
sure at low volumes was increased by means of the vanes to values 
appreciably higher than those with the diffuser alone. 

B4—Influence of Intake Restrictions. When centrifugal fans 
are used for cooling turbo-alternators, it is customary to provide 
a suitable intake to which external ducts may be connected if 
desired. When such an intake is used, the entrance for the air is 
usually near the floor line, the air then passing vertically upward 
and some of it being turned through 180 deg. before it enters the 
fan. There is usually a restricted section shortly before entrance 
to the fan, but in most cases the 
area of the section is not less 
than the area represented by 
the internal periphery of the fan 
multiplied by the width. 

The test rig which was used 
for obtaining the curves was 
modified so as to simulate the 
intake conditions for a turbo- 
generator. <A vertical section of 3 
the fan, the casing about it, 4 i) 
and the intake is shown in Fig. 
25. The cylinder near the 
center of the outside cover was 
used to restrict the section before the air entered in the fan. 

An inspection of the pressure-volume curve, Fig. 23, shows that 
the pressure drop due to the intake is approximately proportional 
to the square of the volume, as would be expected. There is, of 
course, a corresponding reduction in efficiency due to the loss of 
pressure. 




















Fie. 26 Section oF RapiaAt-BLApE 
FAN WITHOUT FLANGE RING 


Measurement of Pipe Flow by the Coordinate Method 


Tue determination of the discharge capacity of an open pipe 
from measurements taken of the codrdinates of the upper surface 
curve of the jet is not new. In view of the scanty data available 
on this subject, the results of some experiments recently performed 
at Purdue University become of interest and the original article shows 
the apparatus used and the method of calculation. As a result 
of their work the experimenters proposed the use of the follow- 
ing equation for the flow from any of the pipes tested: q = d *-5¢k!-*?, 
where q is the discharge from the pipe in cubic feet per minute; 
d, the diameter of the pipe in inches; and k = (d — y)/d is the 
ratio of depth. This equation applies for values of k between 
0.2 and 0.65 only, for when k is much less than 0.2 the stream does 
not spring clear, and the law of flow is different; also, above k = 
0.65 the pipe is not partly filled for its entire length but on the 
contrary is entirely filled with the exception of a small distance 
from the end, and this condition changes the hydraulic ratios and 
modifies the law of flow. (F. W. Greve and Maurice J. Zucrow, 
respectively Asst. Prof. of Hydraulic Engineering and Research 
Asst., Engineering Experiment Station, Purdue University, Lafay- 
ette, Ind., in Journal of the American Waterworks Association, vol. 
13, no. 3, Mar. 1925, pp. 306-311, 3 figs., 4 tables, e) 


Bricks from Ashes 


IN A LECTURE delivered at the Huddersfield Technical College, 
W. H. Casmey called attention to a process of manufacturing 
bricks from furnace clinker and ashes. These waste materials are 
roughly ground and mixed with a definite proportion of lime and 
water. The material is then molded, piled on small cars, and 
run into a steam chamber some 60 ft. long by 6 ft. 6 in. in diameter. 
When the chamber is fully charged it is hermetically closed and 
steam at a pressure of 120 lb. per sq. in. is admitted, the bricks 
being kept under this pressure for about six hours. When cooled 
they are ready for immediate use. There has not been sufficiently 
long experience with these bricks to determine their durability. 
(The Chemical Age, vol. 12, no. 299, March 7, 1925, p. 220, g) 
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Temperatures of Evaporation of Water into Air 


A Report of Experiments Made to Determine the Laws Governing the Deviation of 
The Actual Temperature of Evaporation from the Theoretical 
$y W. H. CARRIER? anv D. C. LINDSAY,? NEWARK, N. J. 


Formulas,’ presented before the Society at the Annual Meeting 

of 1911, that a fundamental equation of heat balance may be 
established between any evaporating liquid and the surrounding 
atmosphere, and that eventually a constant equilibrium temper- 
ature is reached, which can be altered only by changing the total- 
heat relation between the liquid and the atmosphere. This equi- 
librium temperature, commonly termed the ‘“wet-bulb temperature,” 
is determinable by a thermometer, the bulb of which is kept wet by 
the evaporating liquid. The wet-bulb temperature throws a very 
interesting light on the fundamental laws involved in all commercial 
evaporative processes, and the effect of the wet-bulb temperature 
upon human physical comfort has a great popular interest. 

The experimental data herein presented prove conclusively 
that the temperature of evaporation is not indeterminate, but has 
a very definite limit which in practical application is very closely 
approximated and which is dependent upon the ultimate equilibrium 
of heat conditions. 

Although it has been recognized that observations of wet-bulb 
temperatures are in error with respect to the theoretical temper- 
ature of equilibrium, exact data as to the amount of this error 
and its variation relative to temperature and effective velocities 
of air have heretofore been only approximated to. During the 
past four years the authors have conducted exhaustive experi- 
ments with special equipment at Cornell University and at the 
Case School of Applied Science. The purpose of the experiments 
has been, first, to show that under ideal conditions permitting true 
adiabatic saturation, i.e., maintaining a constant total-heat rela- 
tion during saturation, the wet-bulb temperature is actually the 
temperature of equilibrium represented in the heat-equilibrium 
equation; and secondly, to show how, and to what extent, the wet- 
bulb temperature, observed under ordinary conditions, varies from 
the theoretical equilibrium temperature. 


[ WAS first shown in the paper entitled Rational Psychrometric 


Tue Equations oF Heat BALANCE AND RELATIVE RATES OF 
DIFFUSION 

Of two general methods which have been proposed for the study of 
laws underlying the equilibrium temperature in an evaporating 
liquid which obtains its heat of vaporization from the surrounding 
atmosphere alone, the first involves the equation expressing the 
increase in the heat of vaporization as equal to the decrease in the 
sensible heat of the atmosphere from which the heat is extracted. 
This equation of heat balance is: 


Latent heat absorbed = Sensible heat lost 


r’(w’ — w) = (Cpa + Cpsw) (t —?t’).............. [1] 
where 
r’ = latent heat of vaporization per unit weight of vapor at the 
resultant temperature t’ 
w’ = final weight of vapor per unit weight of gas into which the 
liquid is evaporating 


w = initial weight of vapor per unit weight of gas 
Cye = mean specific heat of the gas between temperatures 
(¢ — t’) 
Cys = mean specific heat of the vapor between temperatures 
(¢ — ?”’) 


~ 
II 


initial temperature of the gas 
t’ = final temperature of the gas, vapor, and liquid. 
From this the theoretical temperature of equilibrium may be 





! President, Carrier Engineering Corporation, Newark, N. J. Mem. 
A.S.M.E. 

2 Physicist, Carrier Engineering Corporation. 

* Trans. A.S.M.E., vol. 33 (1911), p. 1005. 

Presented at the Annual Meeting, New York, December | to 4, 1924, 
of THe AmerICAN Society OF MECHANICAL ENGINEERS. Abridged. 


definitely located if the initial temperature and moisture content 
and the final moisture content of the gas are known. 

The second method analyzes the rates of heat flow—the sensible 
heat flow to the wet bulb from the surrounding atmosphere— 
due to temperature difference, and the corresponding rate of out- 
ward heat flow, due to the evaporation of the liquid and its diffusion 
into the surrounding atmosphere. 

-quations expressing the balance of rates of flow are: 


tate of moisture diffusion from unit area of liquid surface per 
unit time: 


dw 
—e as be! eae y 4 
a6 k'(e — PO rere eee [2] 


where 
dw = weight of liquid evaporated per unit time d@ 
A = area of evaporating surface 
k’ = coefficient of moisture diffusion per unit difference in 
vapor pressure of liquid and vapor pressure in the 
atmosphere 
e’ = vapor pressure of liquid 
e = vapor pressure in atmosphere. 
Rate of heat diffusion through film to liquid surface: 


dy : 
Ado > hit fl et Se ee Pe [3] 
where 
dq = heat diffused per unit time d6 
A = area of surface 
h = coefficient of heat diffusion per degree difference in temper- 
ature of liquid and atmosphere 


But dq = r’dw, where r’ = latent heat of vaporization corresponding 
to temperature t’; therefore 


dw h : 
and 
, h , 
(e’ —e) = FG Gt) eee errr ee ee se ee [4] 
r 


According to the law of gaseous mixtures the weights of the two 
component parts of a mixture are in proportion to the products 
of their respective pressures and their specific weights. So in a 
mixture of water vapor and air: 

Se 


P—e 





w= 


where w = weight of moisture per pound of air 
S = specific weight of water vapor compared with air 
e€ = vapor pressure 
P = barometric or total pressure of the mixture. 


Pw 
e= —— 
S “+ Ww 
Substituting for e in Equation [4], 


Pw’ Po _eih 
S+w’ S+w ss k’r’ 


At temperatures below 150 deg. fahr. where w and w’ are small, 
this equation may be written 





(¢— ?t’) 


ee 

S+w (w — w) = kr’ (t t’) 
h . 
r’(w’ — w) = i oe ere [5] 


where k = k’P/(S + w). 
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By comparing Equations [1] and [5] established by the two methods 
presented, it will be seen that the two equations are of the same 
form and that h/k must be theoretically equivalent to (Cpa + Cp.w) 
which is the specific heat of the initial mixture of gas and vapor. 
The experimental deviation of the observed wet-bulb temper- 
ature from the equilibrium temperature as given in Equation [1], 
is apparently accounted for as follows: 

1 Incomplete saturation in the film immediately in contact 
with the wet surface; in other words an inward flow of 
sensible heat, from the atmosphere, greater than the 
outward flow of latent heat from the liquid at the theo- 
retical temperature of equilibrium 

2 By direct radiation from surrounding objects which are 
normally at the temperature of the atmosphere, and 
by transmission through the stem of the thermometer, 
if it is exposed to the temperature of the atmosphere. 

The actual temperature of evaporation may be limited by 
the capacity of a given weight of air, under given conditions of 
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the deviation from the theoretical temperature of adiabatic satur- 
ation is explained by radiation effects. The effect of radiant heat 
received by the wet surface is to raise the temperature of the surface 
above the true temperature of adiabatic saturation. At low wet- 
bulb temperatures this effect is appreciable. However, as the wet- 
bulb temperature is increased the change in total heat per degree 
is rapidly increased and the total heat transformation from sensible 
to latent heat at the evaporating surface becomes larger relatively 
to the heat received by radiation. Observations herein presented 
have shown, for instance, that at an air velocity of 1000 ft. per min., 
over the wet bulb, an observed wet-bulb temperature of 40 deg. fahr. 
is in error by 1.72 per cent of the observed wet-bulb depression, 
while at a wet-bulb temperature of 100 deg. fahr. the error is but 
0.86 per cent of the observed depression. 


THE VERIFICATION OF THE EQUATION OF HEAT BALANCE 


For the purpose of demonstrating experimentally that the 
true wet-bulb temperature is the temperature of adiabatic satur- 
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Fic. 1 DrtaGRAMMATIC SECTION OF APPAI 


initial temperature and initial moisture content, to give up heat 
and to hold a definite quantity of saturated vapor within the 
space it occupies at the temperature it assumes as a result of the 
process. Or the resultant temperature may be limited by the rates 
of diffusion with which the latent heat may pass outward through 
the gas film at the surface of the liquid and the inward flow of 
heat through the film from the surrounding atmosphere. If the 
rate of diffusion of latent heat outward is greater than or equal 
to that required for maintaining the temperature of adiabatic 
equilibrium, then the theoretical temperature of Equation [1] 
would be reached, but no lower temperature. If, however, this 
rate of heat flow outward, i.e., the diffusion of the vapor through 
the film, is less than the normal rate of heat flow from the outside 
’ atmosphere to the surface, at the theoretical temperature, then 
the actual temperature of evaporation will rise until the two rates 
are balanced. This rise of temperature above the theoretical will 
be more marked with increased thickness of the gas film in contact 
with the liquid, as occurs at very low velocities, and becomes 
exceedingly small at high velocities where the thickness of the 
film is negligible. At ordinary room temperature the error in 





SS 


the wet-bulb depression in air moving only at ordinary convection 
velocities has been found to be from 14 to 18 per cent, while at 
transverse air velocities over the wet bulb of 1000 to 4000 ft. per 
min. the error is from 1.3 to 0.2 per cent. 

The effect of increased wet-bulb temperature in decreasing 


Y ; SECTION B 
| | Bite +--+ ant Mapyn een nenennonn = PGE 
| } v p “Litt WUIEEEEEZEZZZ tt GTI IID NOZZ, EZ LLL LL LLL 
ae —_—— 
+ ae aaa aed Toe aun Tl we re 
; x he _ —— —— ——- FF — —_—— es —-— -@4 — +4 —jt —++--— ~_ 
; } —- | —_— | + — | —_—— } hi =k _—~ 
LL TUMOR, ULL lll 
SECTIONC 
SECTION D 


2xATUS INCLUDING ADIABATIC SATURATOR 


ation and that this temperature remains constant throughout the 
process of saturation so long as the total heat of the mixture re- 
mains constant, an adiabatic saturator was constructed the dia- 
grammatic section of which is shown in Fig. 1. 

Driven by fan A the air passes through section B where it is 
saturated, thence through section C where it is heated to the de- 
sired temperature, thence through section D and finally to section 
E, the adiabatic saturator. 

The wet- and dry-bulb temperature of the air entering the adia- 
batic saturator are measured at temperature station III. The air 
then passes through the saturator where it evaporates moisture, to 
a point approaching saturation, by passing over wetted cloth strip- 
wound over and under pipes lying parallel to the air flow. The 
cloth strips and inner walls of the saturator are kept wet by a smal! 
gear pump recirculating water from the bottom of the saturator to 
the headers and distribution pipes at the top, from which it flows 
down over the cloths. Water evaporated is replaced by water 
supplied from an airtight tank on top of the saturator, a smal! 
amount of water entering the saturator whenever the level of the 
liquid in the bottom is low enough to permit an air bubble to pass 
through the connecting pipe into the tank. 

Upon leaving the adiabatic saturator, the air is usually within 
one or two degrees of saturation, that is, the entering dry-bul!) 
temperature has been lowered nearly to the wet-bulb temperature, 
due to the conversion of sensible heat to latent heat. At tempera- 
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ture station IV the wet- and dry-bulb temperatures are again ob- 
served. From here the air is returned over the entire inner casing 
of the saturator and is finally discharged. 

The diameter of each duct where temperature observations were 
made is 3 in. Like air velocities were produced over each set of 
thermometers. 

Very careful methods were used for temperature control and to 
prevent change of total heat in the adiabatic saturator. 

In the experimental methods employed a number of corrections 
were made for the heat conveyed to the liquid by the pump, and 
for change in wet-bulb temperature due to change in total air pres- 
sure between the inlet and outlet of the saturator. 

Table 1 shows the results of adiabatic saturation as accomplished 
TABLE 1 SHOWING CONSTANCY OF WET-BULB TEMPERATURE 

THROUGHOUT PROCESS OF ADIABATIC SATURATION 


Velocity of air over thermometers = 2000 ft. per min 
(1) (2) (3) (4 (5) (6) 

t's Error in 
Wet-bulb per cent 
temperature of entering 

leaving depression, 


adiabatic ="3 


’ t’ 
Wet-bulb 
temperature 
entering 
adiabatic 


t- l2—t's 
Wet-bulb Wet-bulb 
depression depression 

entering leaving 
adiabatic adiabatic 


saturator saturator saturator saturator t’'—t's i-?t’ 
47.0 9.8 0.68 46.97 0.03 0.30 
53.5 11.7 0.17 53.45 0.05 0.43 
53.0 11.5 52.97 0.03 0. 26 
54.7 13.5 53.99 0.08 0.59 
54.8 21.3 1.69 54.66 0.14 0.66 
55.1 19.4 54.99 0.11 0.57 
61.5 20.8 61.45 0.05 0.24 
64.0 10.6 63. 86 0.14 0.71 
69 25 23.3 0.34 69 09 0.16 0.69 
69 90 23.1 1.08 69.78 0.12 0.52 
75.30 19.7 0.38 75.23 0.07 0.35 
75.30 20.0 75.23 0.07 0.35 
79.70 34.4 1.12 79.49 0.21 0.61 
78.40 41.4 4.75 78.25 0.15 0.36 
80.00 22.0 79.97 0.03 0.14 
82.50 24.0 82.44 0.06 0.25 
82.70 25.5 82.65 0.05 0.20 
84.30 44.7 3.49 83.14 0.16 0.36 
94.85 50.0 3.52 94.58 0.27 0.53 


with the equipment. The temperature t’ is the wet-bulb temper- 
ature of the entering unsaturated air. The difference between 
the wet and dry-bulb temperature of the entering air is given in 
column 2. The temperature t’, is the wet-bulb temperature of the 
air leaving the adiabatic saturator and is, as predicted, essentially 
identical with the wet-bulb temperature of the entering air, while 
the dry-bulb temperature of the entering air has dropped almost to 
the wet-bulb, as shown in column 3, wherever the dry-bulb tem- 
perature of the leaving air was observed. 

There is a slight difference between the observed t’ (entering 
wet bulb) and ¢’, (leaving wet bulb). It will be noted that ¢t’ 
is, in all cases, slightly higher than t’s. This is due to the fact that 
the thermometer from which the values for t’ (the entering wet 
bulb) were observed was exposed to radiation and conduction 
from the surrounding surfaces, which were at the temperature t¢ 
of the entering dry bulb). The thermometer, from which the 
values of t's (the leaving wet bulb) were observed, was so pro- 
tected from radiation and conduction, that the true wet-bulb 
temperature was registered. The difference between ¢’ and t’, 
is shown in column 5; and the mean of these observed differences 
at a given wet-bulb temperature is taken to be the deviation of 
the wet bulb, due to radiation and conduction, from the true 
wet bulb as represented by the values of t's. This deviation is 
expressed, in Column 6, as per cent of the wet-bulb depression 
of the entering air. In the light of these observed percentages of 
deviation from the true wet-bulb temperature and from a mathe- 
matical extrapolation of the deviations observed at lower velocities, 
the absolute errors in wet-bulb depression were established at the 
various temperatures and at an air velocity over the wet bulb of 
2000 ft. per min. 

lig. 2 shows graphically the conclusions reached and is con- 
sistent with the succeeding data showing the errors at various 
velocities. It will be noted that the errors from Table 1 plotted 
in Fig. 2 for the most part lie below the curve drawn to represent 
the errors over the complete range of temperature. The curve 
was drawn through points determined by the final equation which 
was found to be most consistent with all of the experimental 
determinations. It is likely that a very small quantity of heat 
was admitted to the adiabatic saturator from the outside sources 
and the effect of this would be to reduce the observed error, par- 
ticularly at the lower temperatures. 
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QUANTITATIVE DETERMINATION OF THE VARIATION OF WET-BULB 
ERROR WITH VELOCITY AND TEMPERATURE 


To accomplish adiabatic saturation and thereby produce the 
true wet-bulb temperature for a given heat condition is more 
difficult than to show the degree of variation in wet-bulb tempera- 
ture with variation in velocity and temperature, if this variation is 
referred to a fixed temperature at a fixed high velocity instead 
of to the theoretical temperature. For instance, it is not difficult 
to observe the difference in temperature between two wet-bulb 
thermometers subjected to the same heat conditions but one being 
subjected to an air velocity of 15 ft. per min. over the bulb while 
the velocity over the other bulb is 2000 ft. per min. Neither is 
it difficult to compare two sets of such observations taken at 
different temperatures and thus show the variation of the differ- 
ence with variation in the wet-bulb temperature. This was the 
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Fic. 3 APPARATUS FOR DETERMINATION OF ERROR IN WET-BuLs TEM- 


PERATURE Due TO VARIATION IN TRANSVERSE VELOCITY OVER THE 
Wet-BuLs THERMOMETER 


(D.B., dry-bulb thermometer; W.B., wet-bulb thermometer; C., two cloth 
distributors giving uniform velocity over entire area of duct; C.F., small conoidal 
fan to deliver outside air, controlled by hand damper; E.F., electric fan to pro- 
duce uniform room-air circulation; H., heater, hand controlled; R., radiation 
shield; S., hand-controlled steam spray for humidity control.) 


object of a second series of experiments which were conducted 
at Case School of Applied Science. 

The apparatus used in these experiments is illustrated in Fig. 
3. Briefly it consisted of a fan supplying air to a metal pipe 
which was about 17 ft. in length and which was divided into fow 
velocity stages. Each successive stage was so reduced in area 
that the velocity of air through that stage was four times greater 
than the velocity through the preceding stage. The outlet of the 
pipe was 3 in. in diameter. As an example, approximately 100 
cu. ft. of air per min. is supplied to the duct to produce an 
outlet velocity of 2000 ft. per min. Under this condition the 
velocity at the successive stages is as follows: Stage 1 = 31.25 ft. 
per min.; Stage 2 = 125 ft. per min.; Stage 3 = 500 ft. per min., 
Stage 4 = 2000 ft. per min. Wet- and dry-bulb thermometers 
were placed in suitable positions at each stage and simultaneous 
observations of the wet-bulb depression were made between any 
two stages under compression. With the proper corrections for 
the slight temperature change due to pressure change between 
the stages, a comparison of the wet-bulb depression at any stage 
with that of the final stage gives the difference in wet-bulb error 
due to the known difference in velocity. Similar sets of observa- 
tions taken at different wet-bulb temperatures permit a comparison 
of the difference in error due to the variation in wet-bulb temper- 
ature. 
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Eight complete sets of observations were taken in this series 
of experiments. 

An additional third series of experiments was performed to deter- 
mine the difference in the wet-bulb temperature registered by a wet- 
bulb thermometer subjected only to the air velocity produced by 
natural convection and that of a sling psychrometer subjected to 
the same air conditions but whirled at an approximate bulb ve- 
locity of 1350 ft. per min. The observations of the stationary 
wet-bulb temperature were made with the bulb shielded on four 
sides by a muslin screen. This permitted free diffusion of the 
atmosphere about the bulb and allowed vertical convection, but 
protected the bulb from lateral drafts. 

As a result of the three series of experiments described we have 
data covering, first, the total error in wet-bulb temperature at 
an air velocity of 2000 ft. per min. and over a considerable tem- 
perature range as shown in Fig. 2. Data showing the difference 
in error at a velocity of 2000 ft. per min. and velocities as low as 10 
ft. per min. at four different temperatures have also been obtained. 
Finally the difference in error between 2000 ft. per min. and zero 
transverse velocity at one temperature was tabulated. It now re- 
mained to assemble these data and derive an equation which 
would cover the entire useful range of velocity and temperature. 

The observed errors were corrected to correspond to absolute 
errors and are plotted against velocity in Fig. 4. 

In an appendix to the complete paper it is shown that the error 
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Fic. 4 Error 1n Wet-Bu_s DEPRESSION AT TRANSVERSE AIR VELOCITIES 
FRoM 0 To 2000 Fr. PER MIN., AND AT TEMPERATURES OF 44, 64, 82, 
AND 102 Dea. Fanr. 


in the wet-bulb temperature must vary as an inverse function of 
the total velocity of the air over the bulb. 


Cc 
E Wavor cee [6] 
where 
E = absolute error in per cent of the theoretical wet-bulb 
depression 

C = a constant 
V = transverse velocity of the air over the wet bulb 
Vo = velocity of natural convection over the wet bulb 


a = a constant exponent. 
This may be written 
log E = log C — o log (V + Vo) 


The convection velocity was taken to be Vo.= 20, the value 
having been determined by solving for Vo from observations and 
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selected as the value which best satisfied the equation throughout 
the velocity range. 

In Fig. 5 the logs of the values of EF taken from the curves in 
Fig. 4 and the logs of the observed values of E as recorded in 
Fig. 4 are plotted against the logs of corresponding total velocities 
(V + 20). The result is a set of four parallel straight lines, each 
having the equation 


log E = log C, — 0.675 log (V + 20) 
Thus the exponent of velocity is found to be 
a = 0.675 


It is also shown in an appendix that the error FE varies as an 
inverse function of the change in total heat per degree change in 
the evaporating temperature of the mixture of gas and vapor. 

d C i 
E = =—— pide te biireesawed [7] 


dhe" 
dt’ 
























14 — ——1—-7 yyy yp see 
LEER EEE ETE TTS PTT 
—+ $ + + +—+ —T 
! 
Cc ; 
a aes I aR Se ee eee 
a 4 Observed Experimento 
2 ‘i my 44 Deg Fohr ] 
a } | 3? « = j 
a |Q--+— — 0c } 
a o | 102 os y 
“ —— 66 = 
& os | | 1 | - 
= } } | 
+ : 32 | [ | : 
= a ae Tz eer}: ¢ : " ] 
c } . Equation of Lines S 
= 06¢--+— SH Log E=Log C, -0675 LogWW*20) AS 
- 84 90615 L920) JS 
© ox ee + , 4 
wi | Ss | < 
a 04; rT 1 ~— T ¢ 
Ee ji I ] ~ | 
mg 7 St T - | + 7 
& te — Ss —— - 34 
: oo st + S| 
> T i > 
S ots} i S4 
2 2] | 8] 
. eee . 
5-02-4444 4 | 
q | | | | 
——+—4——4— 4+. +- 4 { 
Si} Raa 
-04;-—_+—_+_+_;_+—_-_+_ +--+ + t—-+ —+---4+—__} ] 
} 
BS SRSA RSS SSSR SSSR. F 
10 12 14 16 18 20 22 24 26 28 30 32 34 


Log (V+ 20) or Log of Transverse Velocity * Velocity of Convection 


Fic. 5 Log or Per Cent Error in THE THEORETICAL Wet-BuLB De- 
PRESSION vs. LoG OF THE TRANSVERSE AiR VELOcITY PLUS THE VE- 
LOCITY OF CONVECTION 


where C = a constant 
dh 


“Te change in total heat of mixture per degree change in 
€ 


wet-bulb temperature 
dh |8 
Eu dts 


En 4 
dt, 
which may be written 


dh 
log Eu — log Exe = (log = a log a) 
dts 


or 





But from Fig. 5 the differences in the logs of errors for any two 
temperatures is found to be the constant distance between two 
parallel lines. Thus from Fig. 5 


log Es. — log Eye = log C = 0.176 
So the exponent of change in total heat is 
176 
a = hh = 0.79 


dh dh 
°8 dtyo2 °8 dtse 





Equations [6] and [7] may now be combined, giving 


c : 
E = een. ia, 


0.79 
| (V aa 2()) 9-675 





dt’ 
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Finally the constant C in Equation [8] may be determined 
by substituting known values of EF and V. The equation then 
becomes 


89 
| o.oo [9] 


lar] 4 90)0.878 
dt 


Using Equation [9], values of # have been computed over 
the entire useful range of temperatures and velocities. These 
values are recorded in Fig. 6, which gives the values for the error 
in the wet-bulb temperatures in percentages of the true, theoretical 
wet-bulb depression. 

The wet-bulb error, as recorded for the various temperatures 
and velocities in Fig. 6, is computed for a barometric pressure of 
30 in. The wet-bulb error varies with the barometric pressure since 
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Fic. 6 Error 1n Wet-BuLB TEMPERATURE EXPRESSED IN PER CENT OF 
THE THEORETICAL WeEtT-BULB DEPRESSION AT WET-BULB TEMPERATURES 
FROM —30 To 200 Dea. FaurR. AND AT TRANSVERSE AIR VELOCITIES OVER 

THE Wet Bus RanoinG FROM 0 To 2000 Fr. peR MIN. 


the factor dh/dt contained in Equation [9] varies with the baro- 

metric pressure. Thus, as shown in Table 2, dh/dt’ for a wet- 

TABLE 2 dh/dt’ CHANGE IN TOTAL HEAT IN B.T.U. PER POUND OF AIR 
PER DEGREE CHANGE IN WET-BULB TEMPERATURE 


Barometric pressure 


—_—__— TS EE, 


Deg. t’ fahr. 30 in. Hg 25 in. Hg 
(Over ice) 
— 20 0.257 0.261 
—10 0.271 0.278 
0 0.291 0.300 
+10 0.322 0.335 
20 0.368 0.390 
30 0.434 0.471 
(Over water) 
30 0.391 0.426 
40 0.455 0.501 
50 0.543 0.604 
60 0. 660 0.743 
70 0.814 0.932 
8O 1.02 1.20 
90 1.30 1.55 
100 1.68 2.03 
110 2.38 2.66 
120 2.83 3.50 


bulb temperature of 60 deg. fahr. observed at a barometric pressure 
of 30 in. is 0.660, while dh/dt’ for 60 deg. fahr. at 25 in. pressure 
is 0.743. 


CONCLUSION 


Perhaps the most important deduction to be drawn from this 
investigation is that under most practical conditions the temperature 
of evaporation of a free water surface approximates the theoretical 
temperature of adiabatic saturation, as very simply expressed in 
the fundamental equation of heat balance between sensible-heat 
and latent-heat interchange. (Equation [1].) 

The variations observed were insignificant from an engineering 
standpoint—certainly at velocities above 200 ft. per min. In 
still air or at inappreciable velocities it is necessary to make an al- 


MECHANICAL ENGINEERING 331 


lowance and the magnitude of this allowance can now be fairly 
estimated. 

It also follows from this study that the determination of rel- 
ative rates of diffusion in the film of the vapor and of the gas can, 
for practical purposes, be entirely ignored and the relationship 
simplified. In other words, for practical purposes the engineer 
may treat problems of evaporation from a liquid to a gas, whether 
the heat be supplied from the liquid or from the gas, purely as 
a problem of conversion from sensible to latent heat. The assump- 
tion can always be made, as this study indicates, that the surface 
film is both approximately at the temperature of the liquid and 
at the moisture content corresponding to saturation at the liquid 
temperature. 

It is because of this state of the film in contact with the liquid 
that the heat removed by evaporation must parallel in its amount 
the heat absorbed from the air by convection. The same effect 
holds where the liquid is heated, except that the amount of heat 
removed from the liquid directly by convection as sensible heat 
is in direct proportion to the amount of latent heat removed si- 
multaneously from the film. It is also for this reason that the 
rate of evaporation is substantially proportional to the difference 
of vapor pressure between the liquid and the gas. The rate of 
evaporation is not caused by the fact that there are, theoretically, 
two different vapor pressures, one in the gas and one at the surface 
of the liquid, but by the fact that the density of vapor in the 
film is greater than the density of vapor in the surrounding air. 
That is to say, the weight of vapor per pound of air is greater in 
the film, and any mixture of the outside air with the film, as caused 
by velocity, whether of forced or natural convection, tends to 
carry away an amount of moisture which is directly proportional 
to the difference of moisture content between the films and the 
moving air. In other words, the evaporation of moisture from the 
liquid into the gas takes place exactly as heat transfer to air from a 
dry surface. 

It has been shown that the law of wet-bulb error, from causes 
outside of the assumptions in the equations of heat equilibrium, 
varies substantially in accordance with the laws of heat transfer; 
that is, the exponent of velocities is substantially the same in this 
case as in the case of heat transfer. 

It has also been shown experimentally that the effect of radia- 
tion upon wet-bulb temperature is directly related to the total 
heat of the air, that is, to the sum of sensible and latent heat 
in the air. Further, it is shown that the equation determined by 
experiment for this relationship is substantially the same as the 
theoretical equation as determined by the assumption of radiation 
as the sole cause of wet-bulb deviation. In the first case it varies 
inversely as the 0.79 power of dh/dt’, while theoretically it varies 
inversely as the 0.7 power of dh/dt’. 

It should be noted from the theoretical equation as given in an 
appendix that the error should vary slightly with the moisture 
content. In other words, the percentage of error will vary slightly 
with the vapor pressure, as well as with the wet-bulb temperature, 
inasmuch as it is a direct function of (Cpa + Cy.w). In absolutely 
dry air this term will become constant at a given temperature since 
there will be no w, while in saturated air w will correspond to mois- 
ture content of saturation at the wet-bulb temperature. How- 
ever this variation with the variations in wet-bulb depression is 
slight. 

From a standpoint of exact measurements in psychrometry, 
the foregoing experimental determinations and deductions there- 
from are believed to be valuable, since they determine for the 
first time with fair precision the corrections to be applied to wet- 
bulb observations in order to rationalize them with the true 
temperature of adiabatic saturation as determined by the physical 
properties of water vapor and air. It is also possible by the data 
obtained to rationalize the wet-bulb observations of a stationary 
hygrometer. It may be said, however, that without unusual pre- 
cautions the stationary hygrometer is an exceedingly unreliable 
instrument for even the most ordinary work, since the drafts 
and convection currents existing in a heated room are uncertain, 
and consequently the corrections to be applied are uncertain. This 
is particularly to be emphasized, since the errors on a stationary 
wet-bulb thermometer occur on the most sensitive portion of the 
correction curves, i.e., at very low velocities. 
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Discussion at Refrigeration Session of 


A.S.M.E. Annual Meeting 


T THE joint session of the American Society of Refrigerating 

Engineers and The American Society of Mechanical Engi- 
neers, held during the Annual Meeting of the latter society, 
December 1 to 4, 1924, with George A. Horne, President A.S.R.E. 
in the chair, three valuable papers were presented. These were: 
The Temperatures of Evaporation of Water into Air, by W. H. 
Carrier and Daniel C. Lindsay, Newark, N. J.; The Flow of 
Liquids, by W. H. McAdams,' Cambridge, Mass.; and Water- 
Cooling-System Efficiency, by Victor J. Azbe,? St. Louis, Mo. 
Mr. Azbe’s paper was published in the Mid-November, 1924, 
issue of MECHANICAL ENGINEERING. The paper by Messrs. 
Carrier and Lindsay, which appears immediately above in abstract 
form, will be printed later in Transactions, as well as the one by 
Professor McAdams. 


Discussion OF PAPER ON WATER-COOLING-SYSTEM EFFICIENCY 


B. R. T. Collins? wrote that he believed Mr. Azbe’s paper to be 
a very important contribution to the literature on water-cooling 
systems. Mr. Azbe had brought out the point that a cooling system 
might cool to within 3 deg. of the wet-bulb temperature in summer 
and no closer than 15 deg. in cold weather, the amount of cooling 
being the same in both cases. Cooling within 3 deg. of the wet 
bulb might indeed be obtained between early spring and late fall, 
but this would depend on the exact atmospheric conditions which 
existed, and no general guarantee to cool within 3 deg. of the wet 
bulb should be made. 

The statement that spray systems were often installed in a manner 
that did not permit of successful operation was due to the idea that 
spray nozzles could be installed with close spacing and low elevation 
above the water level or roof, and also could be operated at various 
pressures and still yield efficient results. As stated by the author, 
each case should be studied carefully and a system designed to suit 
the conditions as they existed in order to secure efficient results. 

The author stated that in winter a spray system would not give as 
cold water as a tower. In this connection the following results 
from a power plant log sheet might be interesting. 


AVERAGES OF ELEVEN Hourty READINGS BETWEEN 7:00 A.M. AND 5:00 P.M. 


Average temperature after spraying............. 34.5 deg. fahr. 
Average temperature before spraying............ 42.2 deg. fahr. 
EL 200 t. USddke- ba bh wedlee dss bere ees ns eeeeruewee 29.46 in. 
Ee ET ET TON a EE ee 30.35 in. 
ce OE OT A A ee 0.89 in. 
Average temperature of outside air.................. 8 deg. fahr. 


It was fair to say that this plant was located in Montreal, Canada, 
although similar results could be obtained wherever the air tempera- 
ture averaged as low as given above. As stated by the author, 
ice forming on a spray system caused no harm, whereas considerable 
damage was likely to occur from ice formation on cooling towers. 

In regard to the practical design of spray systems, there were two 
most important points to be considered: first, their proper position 
in reference to the prevailing wind direction, and secondly, the 
providing of air lanes at intervals so as to enable light breezes to 
penetrate to the center of the system. 

B. H. Coffey‘ and Geo. A. Horne® wrote that they agreed with 
the author that Equation [4] was unsatisfactory in that it compared 
the performance of the cooling apparatus with the maximum pos- 
sible range from even initial temperatures; a range that perhaps the 
tower was not designed to produce nor was wanted by the purchaser. 
For instance, a forced-draft tower designed to cool from 110 deg. to 
90 deg. would be at 70 deg. wet-bulb only 50 per cent efficient by 
Eq. [4], when in reality by area of surface and air supply it might be 
98 per cent efficient as compared with a correct theoretical ideal. 
While Equation [6] was better than Equation [4], it was still, in 
the writer’s opinion, very much open to the same objection. 

On page 801 the author said that the writers had abandoned the 
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4 Ch. Engr., Cooling Tower Co., Inc., New York, N. Y.. Mem. A.S.M.E. 
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fundamental Equation [7]. In this he was mistaken. In the 
writers’ papers, in the A.S.R.E. Journal of Nov., 1916, and Nov., 
1920, this theory had been verified and applied. 

In his criticism of the writers’ use of the wet-bulb and dewpoint 
to evaluate the transmission coefficient 0, the author disagreed on 
the nature of F. Because it had mixed temperature and pressure 
components as shown in Equation [2] he thought it could not be 
treated as a straight pressure potential in evaluating the transmis- 
sion coefficient. Of course the whole basis of the writers’ theory, 
which the author appeared to accept, was contrary to this view. 
It was only necessary to obtain a known effective pressure potential, 
a known surface, from which a known quantity of heat was flowing 
uniformly in unit time, these requirements being met by the rela- 
tion between wet-bulb and dewpoint. There were special ad- 
vantages in using this method given in the writers’ paper in the 
A.S.R.E. Journal of May, 1916, pp. 15 and 17. 

The author’s proposal to evaluate 6 with a small cooling tower 
in a wind tunnel might be difficult but quite possible provided very 
uniform distribution were obtained and the mean potential ac- 
curately determined. Transposing Equation [7], @ = H/ES, in 
which F must be the mean value throughout the air-surface contact. 
The value of F was given in Equation [2], and in the proposed 
cooling tower the values of 7’, e7, t, and e, were variable throughout 
the contact and must be averaged. It was a question how this 
could be done easily and accurately. 

W. H. Carrier! wrote that the author had used an equation which 
he, Mr. Carrier, had developed and which had been given in a dis- 
cussion of Mr. Horne’s paper appearing in the A.S.R.E. Journal 
of May, 1916. The experiments from which the formula had been 
established dealt with heat transfer by evaporation only; possibly 
the data in this discussion had been misused to represent the total 
cooling. These data had been replotted and compared with data 
of Messrs. Coffey and Horne and had been calculated for the rate 
of heat transfer on surfaces corresponding to that used by Messrs. 
Coffey and Horne, employing the coefficients obtained on pipe 
heaters. This comparison appeared in the Theory of Atmospheric 
Evaporation, Journal of Industrial and Engineering Chemistry, 
vol. 13, No. 5, May, 1921. Both of these curves were for evapora- 
tion only. In cases involving initial water temperatures above 
the wet-bulb temperature of the air the temperature heat or sensible 
heat had also to be taken into consideration for effective cooling as 
was done by Messrs. Coffey and Horne, by converting the tem- 
perature heat into equivalents of difference of vapor pressure and 
adding this to the latent-heat transfer vapor-pressure differences. 

In recent work done by Messrs. Himus and Hinchley in England 
and described in a paper entitled Effect of a Current of Air on the 
Rate of Evaporation of Water below the Boiling Point appearing in 
the Chemistry and Industry Review of August 22, 1924, a higher 
initial rate of evaporation and a lower rate of increase with velocity 
were given than that shown by the writer. It was his opinion that 
this change of slope was primarily due to failure to stir the water 
so that the surface temperature would be lower than the surface 
temperature indicated by the thermometer. 

It was also possible that the coefficient of transfer did not in- 
crease in precisely a straight line with the velocity. If the velocity 
were sufficiently increased and the observations were entirely ac- 
curate the slope of the curve would probably be found to decrease 
with an increasing velocity. 

The values which Messrs. Himus and Hinchley gave for their ex- 
periments converted to the same units as those used by the writer 
would give the equation as follows: 


A V X 0.00508 
215 2.29 


V 

( ome Lo 
100(1 + z) (e e) 

Mr. Carrier believed, however, that the conditions under which 
their tests were conducted were not the same. It was to be noted 
again that these equations did not give total cooling but only evapo- 
ration, as applied in the case of water at the wet-bulb temperature 
of the air, and which was receiving its heat of evaporation only from 
the air. 


0.031 (1 + ) X 25.4 (e’ — e) 
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Attention should be called to the fact that the rate of heat trans- 
fer depended upon the type of surface and manner of blowing the air 
over it. A flow of air parallel to a surface would give approximately 
one-half the heat transfer as air at the same velocity impinging on 
that surface or blown transversely across it as in pipe coils. The 
type of surface and the direction of the air velocity must therefore 
be taken into account, as well as the air velocity itself. The ranges 
of heat transfer would probably always lie between the values given 
by the writer and those determined by Messrs. Coffey and Horne. 

Edwin Burhorn'! submitted a written discussion in which he said 
that in his opinion it was impossible to devise a really serviceable 
formula that could be used to design a cooling system. Reliance 
should rather be placed on the accumulation of test data on plants 
in actual operation. A theory of cooling could be devised only on 
the assumption that the water was properly exposed to the pre- 
vailing air and that the air was properly moving over the exposed 
water, and this was a matter that was controlled by the detail 
design and construction of the system. 

The author had stated as a conclusion that the real competition in 
cooling systems was between atmospheric towers and spray sys- 
tems, and that it was hard to say which was the better. The 
writer disagreed with the author on this point as it was very easy to 
say which was the better, provided the workings of the two systems 
in actual service were known and provided the data under consider- 
ation were reliable and unbiased. 

Mr. Burhorn submitted some figures taken from the logs of 
three of the large ice-manufacturing plants in New York City. The 
figures were the daily records as kept by the operating engineers and 
could be considered as reliable. Plant No. 1 used a spray system as 
a cooling medium; plant No. 2 an atmospheric cooling tower; and 
plant No. 3 salt river water from New York Harbor. 

Plant No. 1. The readings at this plant covered a period from 
June 15, 1924, to Sept. 25, 1924; they were taken daily at 8 a.M., 
12 noon and4 p.m. The figures given below are the average in each 
case for these periods: 

Temperature of water entering the spray system 
Temperature of water leaving the spray system 
Air temperature. . 


8&8 deg. fahr. 
80 deg. fahr. 
. 73 deg. fahr. 


Head pressure... aaeied ae «2 kOe ID. 
Current consumed per ton of ice..... 70.6 kw-hr. 
Quantity of ice produced per day.............. .228 tons 


Volume of water consumed per day for all purposes. . 28,650 cu. ft. 


The highest temperature of water entering the spray system was 
recorded on Aug. 7 and was 102 deg., leaving at 92 deg. with a head 
pressure of 225 lb. The lowest temperature of water entering the 
spray system was recorded on Sept. 11, 8 a.m., and was 72 deg., 
leaving at 64 deg. with the outside air at 52 deg. and a head pressure 
of 155 Ib. 

Plant No. 2. The readings at this plant covered a period from 
April 25 to Sept. 29, 1923; they were taken daily at 12 o’clock noon. 
The figures given below represents averages: 


Temperature of water entering the tower...... 78.8 deg. fahr. 
Temperature of water leaving the tower.......... 76.2 deg. fahr. 
INS CoN a icvuinn t ocnle sco We os We ne wane 161.7 lb. 
Current consumed per ton of ice..................52.17 kw-hr. 
Quantity of ice produced per day...................05- 182 tons 


The highest temperature of water entering the cooling tower was 
90 deg., leaving at 88 deg. with a head pressure of 200 Ib. on Aug. 
5. The lowest temperature was on August 24: 65 deg. entering 
and 61 deg. leaving, with a head pressure of 115 lb. 

The following tests were made to show the effect of different 
atmospheric conditions, and attention was called to the difference 
between the temperature of the water leaving the tower and the 
temperature of the wet-bulb thermometer. 


Water Water 
entering leaving Wet-bulb Dry-bulb Head 

Time tower, tower, temp., temp., pressure, 
June 21 deg. fahr. deg. fahr. deg. fahr. deg. fahr. Ib. 
3.15 74 71 70 75 140 
3.25 74 71 70.5 75 

3.40 73 70 69 74 

3.50 73 70 69 74 

4.00 73 70 69 73 
July 12 

1.00 89 84 80 88 185 

1.30 89 83.5 80 SS 


Plant No. 3. The readings at this plant covered a period from 
1 Pres., Edwin Burhorn Co., New York, N. Y. Mem. A.S.M.E. 
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Apr. 25 to Sept. 29, 1923; they were taken daily at 12 o’clock 


noon. ‘The figures given below represent averages: 
Temperature of water entering condenser.......... 63 deg. fahr. 
Temperature of water leaving condenser........ 82.4 deg. fahr. 
OE MII os Sas ee hes eo ik hE Oe WR a ES 186.7 lb. 
Current consumed per ton of ice................. 58.2 kw-hr 
Quantity of ice produced per day................0.- 283.7 tons 


The highest temperature of the river water was 64 deg., the lowest 
40 deg. The highest temperature of the water on leaving the 
condensers was 84 deg., the lowest 48 deg. 

These figures showed the superior efficiency of the plant with 
the atmospheric cooling tower. A comparison of the spray system 
with the atmospheric cooling tower would show all the advantages 
in favor of the cooling tower with a possible exception of the item 
of first cost. A spray system might be put in to circulate a certain 
quantity of water for less money than a cooling tower of the same 
capacity, just as a simple steam engine could be installed to de- 
velop the same power as a compound condensing system, but the 
designer had to consider the first cost only as a part of the problem. 
Furthermore, if a spray system was really installed properly, 
with a collecting basin and a louver system to prevent an excessive 
quantity of water from blowing away and a protective system for 
preventing the reheating due to the action of the sun, then the first 
cost of a spray system might be considerably greater than that of a 
properly designed atmospheric cooling tower. 

It was also Mr. Burhorn’s opinion that the only means required 
for determining in advance what results might be expected from 
water-cooling systems at different times of the year, was a knowl- 
edge of the wet-bulb temperatures at different times of the year, 
as any cooling system could be designed and erected that would 
cool the water to the temperature of the wet-bulb thermometer. 
This applied to spray systems equally well as to cooling towers, 
but with the spray system it would require multiple spraying. 
From a practical standpoint, however, the cost of cooling to the 
wet-bulb temperature would be excessive and not justified by the 
increased economy obtainable thereby. 

Mr. Burhorn advocated the design of a cooling system for re- 
frigerating work that would cool the water to within 5 deg. of the 
temperature of the wet-bulb thermometer under the worst atmos- 
pheric conditions such as high temperature and low wind movement, 
and in connection with steam condensing, to the same final tem- 
perature provided the entering water did not exceed 90 deg. fahr. 
Where the temperature of the entering water was 100 deg. or there- 
abouts; cooling to within 10 deg. of the wet-bulb temperature was 
practical. 

He also advocated the design of the pumps, or circulating medium, 
in units so that the amount of water circulated could be varied to 
suit different atmospheric conditions. With a high wet-bulb 
temperature it would be advantageous to increase the quantity of 
water circulated so as to reduce the range of cooling, whereas with 
a low wet-bulb temperature the quantity of water might be re- 
duced, giving entirely satisfactory cooling results but reducing the 
cost of pumping. Theoretically, a direct-acting pump with speed 
control should be the logical solution of the problem. Practically, 
however, the direct-connected centrifugal pump seemed to be most 
generally in use, and this type of pump could be obtained with 
reasonably high efficiency provided the operating conditions were 
carefully determined and the pump designed to suit. With this 
type of pumping outfit, however, the speed could not be changed 
and the unit system should be adopted. 

In the oral discussion which followed, Prof. W. H. McAdams 
criticized Mr. Azbe’s suggestion that by determining the rate of 
heat transfer and the average potential in a spray apparatus, and 
employing coefficients obtained for a cooling tower in a wind tunnel, 
the unknown square feet of surface in the spray chamber might be 
determined. Professor McAdams thought this procedure unjusti- 
fied because the coefficient of heat transfer in a spray system would 
not necessarily be the same as in an atmospheric cooling tower. He 
suggested that the square feet of cooling surface S might be re- 
placed by the product aV, where V was the total cubic feet of 
cooling tower volume and a the square feet of surface per cubic 
foot. In this way where it was impossible to measure the square 
feet of cooling surface per cubic foot, the terms @ and a could be 
lumped together and the resulting coefficient related to unit volume. 
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DiscussiION OF PAPER ON THE FLow oF LiQvuips 
The general purpose of Professor McAdams’ paper was to sum- 
marize the results of work in this field and to show that when a 
fluid was flowing inside a pipe a certain group of factors had an 
important influence on fluid friction, velocity distribution, and 
heat transmission. The paper reviewed the two possible types of 


‘flow, viscous or turbulent, and for isothermal flow discussed the 


mechanisms of the two types of motion, data being given to 
verify the mental pictures of the mechanism involved. It was 
shown that the dimensionless ratio Dus/z, where D was the in- 
side diameter of a pipe, u the average velocity per second, s the 
specific gravity, and z the viscosity in centipoises, had a controlling 
influence upon the numerical value of the friction factor, the 
equivalent frictional length of an elbow, the ratio of average to 
axial velocity and upon a fourth dimensionless ratio involving 
the coefficient of heat transmission between the wall of the pipe 
and the liquid flowing inside the pipe. In addition auxiliary data 
were given as to the effect of temperature and concentration upon 
both viscosity and specific gravity, and of specific heat, specific 
gravity, and average molecular weight upon the coefficient of ther- 
mal conductivity. So far as it was possible, such data were given 
for fluids of interest to refrigerating engineers. 

Harry Harrison’ in a written discussion pointed out that very 
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little would have to be done to make the paper an ideal technical 
audit of the subject, ready for use in planning experimental 
work. 

G. T. Voorhees! inquired whether any actual experimentation 
had been carried out on the heat transfer with ammonia in pipes. 

Charles Fromm? asked whether the influence of roughness of 
the walls had been given consideration in the paper with special 
reference to results obtained by Mr. Fromm and Professor Hupf in 
Germany. 

In his reply, Professor McAdams pointed out that the paper was 
limited to liquids flowing inside pipes, and for that reason condensing 
ammonia would not ordinarily fall within the scope of the paper. 
However, when working with other vapors than ammonia, such as 
steam, benzol, carbon tetrachloride, etc. he had found that the 
thermal conductivity in the liquid state of the particular fluid being 
condensed and the viscosity of the condensate had important effects 
upon the quantitative results. In replying to Mr. Fromm, Pro- 
fessor McAdams referred to curves in his paper for the effect of 
roughness in turbulent motion. In viscous motion not so many 
data were available regarding the effects of roughness, but as far 
as he had been able to determine, the effect of roughness disappeared 
for viscous motion, or was at least far less important than for turbu- 
lent motion. 





Simplified Control Methods in Manufacturing 


Points Brought Out in the Discussion of R. E. Flanders’? Paper Dealing with the Design, Manufacture, 
and Production Control of a Standard Machine 


of the A.S.M.E. and appeared in the December, 1924, issue 

of MercHANICAL ENGINEERING, described the methods by 
which difficulties in manufacture and production control were 
avoided by the Jones & Lamson Machine Co. 

The author states that the progress toward efficiency in direct 
labor cost had reached a point at which the company felt that fur- 
ther efforts in that direction would be unprofitable, and that it 
transferred its attention to other elements of cost and particularly 
to the largest of them—the manufacturing overhead. 

As‘an examination of the various details did not indicate that 
they could be successfully improved by individual treatment, 
a major operation was performed which consisted in rearranging all 
the elements of the business so that difficulties were avoided rather 
than overcome. These radical changes are described in the paper. 
They consist briefly in segregating the manufacture of different 
lines, in redesigning the product, in rearranging departments by 
product rather than by process, and in reducing handling and 
clerical work. 

Robert P. A. Taylor,* in the discussion which followed, said 
that a cardinal principle of design was economical manufacture. 
The author had designed and built up his scheme of manufacture and 
control at the same time that the product was designed. This 
scheme of control was based entirely upon: (a) a standard product; 
(b) the assurance of a wide market over a considerable period of 
years; and (c) the assurance of a constant and fairly steady demand. 

If these conditions could be met, the whole plan became inopera- 
tive. 

The problem of changing models should not involve any especial 
difficulties, but the likelihood of change of design was an important 
consideration if the type of management described was to be used. 

Cost accounting served not only as a basis for determining selling 
price; it should also serve as another means of analyzing the product 
to locate excessive costs, either in material, design, or manu- 
facture. 

There was no apparent reason why the following features could 
not be included in the plan of management outlined by the author: 


Toor paper, which was presented at the recent Annual Meeting 





1 New York Sales Manager, Brunswick-Kroeschell Co. Mem. A.S.M.E. 

2 Manager, Jones & Lamson Machine Co., Springfield, Vt. Mem. 
A.S.M.E. 

3 Crompton & Knowles Loom Works, Worcester, Mass. 


Bonus plan of wage payment 

Time study (made necessary by 1) 
Maintenance of record of performance 
Maintenance of cost records. 


m Whe 


These should be accepted only on a pay-as-you-go basis and they 
would much more than pay for themselves if properly handled. 

The author was to be congratulated on conceiving and carrying 
into effect the type of management described. The machine-tool 
industry as a whole would do well to follow his example, where 
conditions and designs permitted. 

Ralph G. Wells* said that the paper illustrated the value of sim- 
plification of control methods, and was indicative of the present 
trend toward less elaborate practice. Engineers had been using 
simplification of product and operation processes, but many had 
failed to apply this same principle to the control systems installed. 
Control methods were frequently too elaborate. There was a need 
for-simplification of systems and a reduction of administrative over- 
head. 

Mr. Flanders’ remark that in seeking ways to reduce expenses and 
unit costs, the larger possibilities for saving might be found in manu- 
facturing and administrative overhead, was worthy of emphasis. 
The increase in these items during recent years had been out of 
proportion to the savings effected. In spite of the improvements in 
management methods, the amount of burden which must be added 
to costs in many plants was not offset by a corresponding reduction 
in other items. It was encouraging to have this point emphasized 
and to have such an excellent illustration of what could be done. 
Instead of becoming disgusted with all control methods, this firm 
had had the vision and courage to work out from under too elaborate 
a system in a most effective manner. 

In connection with the method of cost keeping, the question might 
be raised as to whether or not the present method gave sufficiently 
detailed information for comparing and analyzing costs in a search 
for further reductions. Not infrequently, under such methods as 
were described, it was possible for waste and idleness to creep in 
without its being detected as promptly as if detailed costs were 
kept and compared with predetermined standards. Perhaps the 
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standard of material and of working time gave a sufficient gage to 
check up waste of time or material if it occurred. 

J. O. Keller’ pointed out that the system of management de- 
scribed by the author conformed in principle to the known funda- 
mentals of scientific management. The company knew exactly 
what it was trying to accomplish, and approached its problems in 
the mental attitude essential to scientific management. This at- 
titude realized that experimentation and research were essential to 
success, not only with regard to materials and equipment but also 
to the human side of industry, which up to that time had been ne- 
glected. This mental attitude further realized that no matter how 
perfect present methods and devices might be, they would need 
improvement sometime in the future. This attitude was repre- 
sented in the management of the Jones & Lamson Machine Com- 
pany, as reported by the author. 

Walter M. Kidder? said that the case of the Jones & Lamson 
Machine Company was of unusual interest. It was a typical case, 
in the course that eventuated through the stages of perfecting, 
along modern lines of design and general organization, raising 
operative efficiency, and finally the development of over-system- 
ized routine. | A second phase of especial interest lay in the ulti- 
mate reaction following a realization that “system”’ had become top- 
heavy. 

Because the solution adopted as a result of that reaction was 
attractively simple, and had worked out satisfactorily, there was a 
streng possibility that similar methods might be attempted by 
others who were seeking relief from excessive overhead or insufhi- 
ciency of profits. The warning must be given that the methods 
described would not work profitably in all cases; they surely would 
fail to give the hoped-for favorable results except under conditions 
to which they were fully adapted. 

The excellence of the principles of design, of shop arrangement, 
and of conferring both authority and responsibility upon able fore- 
men, as described by the author, was beyond question. So also 
was the objective of seeking to avoid difficulties rather than having 
to overcome them. 

That the company had been able to accomplish this latter pur- 
pose in such large measure might be due in part to: 

(a) Ample floor space 

(b) Adequate plant facilities 

(c) Able foremanship 

(¢d) Workmen of native intelligence, and above the average in 

disposition toward team work. 

Analysis of the description given by Mr. Flanders suggested the 
following friendly critical comments: 

The problem in organization, after the point of accumulating 
essential data for establishing standards of performance under 
known conditions had been reached, was to formulate methods ade- 
quate to control without yielding to the temptation of excessive 
elaboration. 

Few executives were so well informed in the field of methods for 
control and for enhancing profits by analytic methods that they 
could formulate methods without falling into the errors of either 
too much, too little, or the wrong kind of routine relating to control 
of production and of costs. 

The Jones & Lamson Machine Company had been fortunate in 
having fundamental conditions of comparatively simple product, 
relatively small volume, and exceptional quality of personnel, and 
had therefore shown a certain success. But it might be quite pos- 
sible and, in fact, seemed probable, that their profits could be 
further enhanced by conservative application of means which, at 
small cost, would add to both amount and certainty of net profits. 

Apparently no classified records of spoilage were kept. Dealing 
with such occurrences on the instant had certain advantages, but 
even more effective in rooting out and permanently dealing with 
causes were adequate records which enabled analysis and the de- 
termination of both causes and personal responsibility. 

Abolishing cost records of parts and disregarding their fluctua- 
tions seemed to constitute an omission to utilize a vital means for 
reducing cost and for consistently holding it to the lowest practic- 
able level as to every part. Present knowledge of cost appeared 
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to be limited to that required to fix selling prices. Unit reductions 
could not possibly be controlled effectively merely through knowing 
total machine costs. This opportunity for enhancing profits by 
direct action was apparently neglected. 

Shop organization by product involved the employment of more 
machinery and more floor space than shop organization by process, 
assuming equally effective control of movement of product in both 
cases. Hence, greater capital investment was required in the first 
instance, and the idle hours of machinery would be greater. To 
some extent this would offset the saving in clerical labor achieved 
through substituting visual control of production in place of control 
through records. 

Payment of producers on a straight wage basis failed to furnish 
incentive to high individual output and quality of workmanship. 
Both quality and quantity therefore depended, first upon the dis- 
position and skill of workmen, and, secondly upon pressure exerted 
by the foremen. The temptation to foremen to employ the dis- 
credited “driving”? methods of the past was increased. 

Visual control of production with a sufficiently .requent check by 
actual count seemed ideal, but if product was varied and complex 
rather than simple, and in charge of average foremen, almost certain 
failure was invited. The method would work in conditions dupli- 
cating those of this Vermont shop, but might not under conditions 
which were materially different. 

Dependence upon the uncontrolled, uncoérdinated judgment and 
independent action of individual foremen created a condition satu- 
rated with risk. That it did not do so with the Jones & Lamson 
Company was a tribute to their foremen, and to their harmony of 
purpose and effort with each other and with the management. 

In conclusion, it might be observed that this case of the Jones & 
Lamson Machine Company was a perfect example of success, but 
any one who was familiar with the contrast between a representa- 
tive Vermont machine shop and the majority of those situated else- 
where, particularly in cities, would understand why Jones & Lamson 
succeeded and why copyists of their simplified and emasculated 
routine were liable to fail. 

Copyists would be prudent to content themselves with emulating 
the company’s thoroughness in developing productive efficiency in 
the shop, in standardizing and simplifying the design of product, 
and in the splendid “straight-line” layout of the shop floor. In the 
rest of the practices described by Mr. Flanders there lay too great 
possibility of trouble for shops located outside of the state of Ver- 
mont with its superior labor and foremen. 

Luther D. Burlingame! made the statement that at the works of 
the Brown & Sharpe Manufacturing Company certain lines of 
manufacturing were carried on in almost identically the same way as 
described in the paper. An illustration of quite a different product, 
where such a method was used successfully, was the manufacture of 
micrometer calipers. In the manufacture of milling machines, 
the plan of having individual units so designed as to be used in as 
many sizes and kinds as possible had also had consideration. Thus, 
the speed case used on seventeen sizes and kinds of machines was 
made in five sizes. 

The extra cost resulting from moving the work to various de- 
partments for successive operations was largely avoided when all 
work was done on a single floor, regardless of the particular plan. 

The question of the need of keeping detailed costs would be some- 
what different in a new organization where carefully kept detailed 
costs were not always available. 

Although the method of paying workmen would not appear to 
be a necessary feature of the plan, it was thought that paying as far 
as possible by piece or premium rates stimulated increased produc- 
tion and gave the fairest possible return to the workman, dependent 
on his efforts. In the matter of having certain lines of work done 
in separate departments, for example, screw-machine work, gear 
cutting, planer work, etc. both for machines in process and also 
for parts made for sale, much could be said for having these as 
organized departments rather than having such machines sepa- 
rated for each line of manufacture. 

Henry P. Dutton* said that the author’s description of the meth- 





1 Industrial Supt. and Pat. Expert, Brown & Sharpe Mfg. Co., Providence, 
R. I. Mem. A.S.M.E. 
2 Professor of Factory Management, Northwestern University, Evanston, 


Ill. 








336 MECHANICAL ENGINEERING 


ods used in the reduction of overhead expense, and the philos- 
ophy which he expressed, constituted a clear statement of a situa- 
tion which had demanded attention for some time. Wherever 
possible it was certainly advisable to secure control rather by sim- 
plifying the situation so that decisions could be made by ordinary 
men unaided. Such a system should be effective not only in re- 
ducing clerical expense, but by making most effective use of the 
initiative and intelligence of the man in the ranks, a force we had 
been prone to neglect. Methods such as those described by Mr. 
Flanders seemed to offer one of the practicable remedies for the 
condition of monotony and lack of incentive in industry, of which 
so much was heard. 

The shop layout outlined by the author was apparently almost 
ideal in its directness of flow. Perhaps too general an assumption 
was made as to the possibility of using the product layout, since in 
many plants such product departmentalization would be secured 
at the cost of considerable overequipment. 

The impression created on G. E. Hagemann! by this paper was 
that a slight sacrifice had been made in the absolute control of manu- 
facturing, but that as a result a much more satisfactory and profit- 
able method of operation had been developed. This was only 
natural as the problem of manufacturing was not so much one of 
complete control over all operations as it was of getting the most 
economical returns from the investment after it was put into the 
business. 

From Mr. Hagemann’s experience along the lines of management 
in other companies, it would seem that the work of the author and 
his associates should be credited with other advantages in addition 
to those which he correctly and justly claimed in his paper. One 
of these advantages was the restoration of at least a part of the old 
element of personal contact between management and foreman, 
and foreman and workers, which scientific management in its first 
developments had naturally tended to lose. 

E. P. Bullard, Jr.? said that overhead had a faculty for creeping 
in unexpectedly in many disguises. In this paper it appeared in 
the standard drawings with established tolerances, material speci- 
fications, jigs, tools, and fixtures for production of this kind, which 
implied planning, time study, cost and records, all of which called 
for overhead. Then of course the proper shop arrangement for a 
plan of this kind could be provided only when certain essentials, 
such as the methods and costs of manufacture, had been used in 
their correct relation to each other, as obtained from previous records 
of each and every operation. 

Placing raw material in bins, available to the various departments, 
required control of a high order if no check was to be made of its 
outgo. The flow of material through a department, from the raw 
to the finished state, required an established sequence of operation 
so timed that all parts would come together at a predetermined time 
and place for assembly. The rate of flow through a department 
would depend upon the time required for the longest operation, and 
all other operations must conform thereto. Overhead might ap- 
pear easily in the form of idle equipment, excessive floor space, 
and inefficient operation. 

Reference was made to the fact that no stock-room records were 
kept. Apparently, the author presupposed that inventories of raw, 
in process, and finished parts remained constant. Thus he argued 
that the cost of completed machines was represented by total pay- 
roll, material purchases, and expenses for that division. These 
conditions, however, did not obtain. Therefore any costing of a 
period of varying manufacture would neither be reasonably accu- 
rate nor give comparable results. Inaccuracy would obtain in the 
separation of costs of the three types of machines made. 

From an accounting standpoint it was necessary to begin with 
the values of finished machines, finished parts, raw materials, and 
work in process. These values must be determined from actual 
costs or from estimates. 

It was the general custom to take a period of 12 months for ac- 
tual closing of books and figuring of profits, and in order properly 
to determine the value of the inventory at the end of the period as 
compared with the beginning of the period, it would seem necessary 
actually to count and price each individual piece of finished parts 
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and raw material, and to estimate the value of the work in process, 
all of which would be extremely difficult and expensive. 

The scheme, as outlined, placed the burden upon the foreman. 
It was he who must determine the quantity to be produced, ascer- 
tainable only after an actual count of the number of pieces of any 
given machine in the store room, and of raw material in the stock 
room, and he also must oversee production. As it would be im- 
possible for any one man to do all that, he must have assistants— 
and if assistants were necessary, it would certainly require but little 
additional time to compile an accurate record of the findings, which 
could be referred to at all times, and a perpetual inventory of items 
could be maintained without any additional cost. 

It would seem, therefore, that the cost of obtaining any figures by 
which it would be possible to show the gain or loss of the year would 
be just as high in determining the estimated value as it would in 
determining the true value, with the further disadvantage that, 
while with the ordinary method we were constantly in touch with 
the situation, with the physical inventory at the end of the year 
nothing was known until it was all taken and computed. 

The real object of the author was an effort to control the overhead. 
This was certainly very desirable, for there was no doubt whatever 
that overhead was a more fixed item in a plant than direct labor. 
Mr. Bullard believed, however, that the author’s plan would not 
eliminate overhead to the extent he assumed it would. 

John H. Williams! found that the paper and the discussion had 
largely centered around the question of the extent of records and 
the extent of management control. A means of determining the 
desirable amount of paper work was to realize that the only possible 
purpose this work would serve in management was to augment the 
memory and to facilitate the codperation between different persons 
who must exercise a controlling function. Any paper work that 
went beyond those two requirements was, and deserved to be called, 
red tape. 

AuTHOR’s CLOSURE 

In his closure to the discussion, the author, Mr. Flanders, em- 
phasized the fact that the particular scheme described in the 
paper should not be regarded as a panacea for all kinds of manu- 
facturing problems. It did not apply to cases where the product 
could not be controlled as to design, or where it was subject to the 
whims of fashion. Neither did it apply to businesses made up 
of a large number of separate items never assembled into one 
uniform mechanism. It did apply, however, to a large range of 
manufacture and particularly to the manufacture of machinery 
of ordinary size in all sorts and varieties. It was only on the 
particular work to which it did apply that he urged its adoption 
in any form. 

Mr. Flanders also desired to remove any impression that the 
paper implied criticism of management engineering as it was 
known today. He distinctly wished to imply that the manage- 
ment engineer had provided control schemes for business which 
ought not to exist at all in their present form; the expert had often 
been asked to provide for the control of a business where the 
product ranged through from 50 to 500 sizes, varieties, kinds, and 
types, when there should have been but one, two, or three. The 
difficulty lay with the original management of the company itself. 

In such a case the main effort of the company should not be 
expended in systemizing their business in its present form, but in 
fundamentally changing the business itself in the direction of 
specializing on a smaller number of items of output with a corre- 
sponding constructive effort on their sale. Such a policy generally 
followed would reduce the cost of manufacture, and help to reduce 
the retail cost to the public of a very wide range of useful and 
necessary articles. Of course, such standardized production did 
not always apply to objects of pure beauty as distinguished from 
objects of usefulness, nor was the policy proposed always consistent 
with the progress of change and invention; but he was strong in 
the belief that a very large area of the productive field was ripe 
for this simplification and standardization, and it was as a contri- 
bution to this particular area of industry that the paper had been 
presented. 

It should also be especially observed that the needless complica- 
tion of business had demanded an unusual mental capacity on the 
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part of the management engineer, and an unusual and rather rare 
type of personality, of which Mr. Taylor, Mr. Gantt, and Mr. 
Gilbreth stood as shining examples. It was the rareness of this 
type that had held back the development of management. It 
was only by deliberate simplification of the problem that we of 
less outstanding genius could carry on the work which they had 
left undone. 

Before giving detailed answers to the various criticisms and 
suggestions raised in the discussion of this paper, fairness required 
that a statement should be made of the exact present condition 
of the system of production control described in the paper. So far 
it had been applied to a very small scale of production. This was 
one of its most encouraging features. It had resulted in an over- 
head cost that was only about 25 per cent greater, measured in 
cents per hour, than the average overhead costs of a period when 
the company’s output was three or four times its present volume. 
It was felt, therefore, that at least one of the desired results had 
been effectively obtained. 

The program method of scheduling had been in effect on the 
work over a period of several months with the exception of one 
feature: they had not yet in this department definitely prede- 
termined on what particular machine a given job should be done 
when several machines were available, but since they had carried 
out this practice in previous years they had no doubt but that in 
the future they would be able to preplan easily and simply the ma- 
chines on which the work should be done. 

Answering Mr. Taylor’s questions, Mr. Flanders said that in 
preparing the routing schedule, the time in hours was arrived at 
by estimates based on former records of performance. Radical 
changes in design seldom required parts of a radically different 
character from those previously made, but where they did require 
some completely unfamiliar operation, a new time study would 
have to be made. 

In the event that he would be considering a plant for making 
six models of milling machines and three models of grinders, he 
would be inclined first to see if it were not possible to bring a large 
number of units of the milling machines to a common design, and 
try to do the same thing on the grinders. If this was possible, he 
would make a grinding-machine department and a milling-machine 
department, each with practically their own complete equipment, 
and endeavor to run them on the basis described in the paper. 

With regard to the yardstick with which to measure the fore- 
man and the output, he would say that this yardstick was based 
in the case of the Jones & Lamson Company on time estimates 
derived from past experience. The important part about this 
whole thing was that this rate of production that had been attained 
in the past, whether 100 per cent or not, was very creditable as 
compared with the top-heavy overhead expenditures which accom- 
panied it, and the company’s reasons for not worrying very much 
as to whether they had gotten down to the last few fractions of a 
cent in time-study refinement were that the efforts were not worth 
while as compared with the very large reduction possible in the 
overhead. The real measure, after all, of the usefulness of the 
foreman and the workman under this scheme was his ability to 
stick to the schedule and thus promote the easy, orderly, and prof- 
itable progress of the work through the shop, irrespective of whether 
that progress in certain details was quite as fast as it ought to be. 
The schedule as a whole made it fast enough to be profitable. 

Mr. Flanders did not see that there was any less responsibility 
devolving on the individual foreman, as indicated in Mr. Taylor’s 
question, than there was in any other system of management 
which endeavored to plan things ahead of time; and so far as in- 
creases and promotions could be based on records, the good record 
in this system of management was that of the man or of the fore- 
man who kept up the schedule and thus contributed to the orderly 
production of so many machines per week at a reasonable cost. 

Mr. Taylor, and a number of others had been troubled about 
the comparatively rudimentary nature of the cost figures. Getting 
detailed cost figures on operations where such figures had been 
kept over long periods of years was a sterile, fruitless operation 
so far as making large savings in cost of manufacture was concerned, 
particularly when compared with the immensely larger savings 
to be made from attacking the overhead directly. Why worry 
about the cents when the dollars were melting away? 
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Above all, he would not hesitate about cutting out a function 
because it might sometime be needed, as Mr. Taylor suggested. 
He would cut it out on suspicion, and only put it back in later if 
he found he would not get along without it. This did not meaa 
throwing the whole production mechanism out of the window. 
It meant retaining that which had proved to be essential, and 
discouraging the rest. . 

People were often deceived by their success in putting the time 
and effort of a high-grade man on some detail of cost accounting, 
and thereby making a definite saving in that area of investigation. 
That saving would only be maintained so long as the original high- 
grade and highly paid investigator was on the job. It was the 
inevitable tendency of such detailed investigations to degenerate 
into rust and rot as soon as the original high-grade man had turned 
his attention to something else. It did not do to get too enthus- 
iastic about the savings made by the skilled man; it was better to 
see if they could be maintained over a period of years by the work 
of the ordinary every-day clerk on whom routine duties finally 
devolved. 

Mr. Well’s suggestions were interesting. It was probable that 
the Jones & Lamson Company could not have had as good results 
as they had had with their simplified control methods if they had 
not previously gone through a more elaborate system of planning 
and scheduling. This, said Mr. Flanders, might be a confession, 
but it was the truth. 

As mentioned in connection with other criticism, the present 
method of cost keeping would not ordinarily give sufficient de- 
tailed information for comparing and analyzing costs in search for 
further reduction; the reason being simply that the rich field for 
further reductions lay not in these direct costs, but in the over- 
head. However, every time card, every material card, and every 
element of cost was recorded and saved, so that at any time, if 
detailed cost studies needed to be made, the material was all 
there. They were not, however, at the present time working it up 
as a matter of routine. 

Mr. Kidder seemed to fear that the plan of production control 
suggested would require more floor space and machinery. In 
the case under consideration the result had been surprisingly 
opposite to this. Mr. Flanders had found that the laying out of a 
standard production program was a more or less academic job; 
fitting the whole production schedule together like a picture puzzle 
or working it out like a game of chess, had produced such an effec- 
tive use of the machinery that each element of it could be used a 
very much larger percentage of the total working hours than had 
ever been the case previously. His company’s standard schedule 
therefore called for a higher number of machines per week pro- 
duced from their present equipment than they had ever been able 
to get in practice. 

The only conditions under which this scheme called for added 
equipment was in the highly specialized tools like broaching ma- 
chines, tooth-rounding machines, spline millers and other such 
cases in which one machine had previously been sufficient for the 
whole plant. The dividing of the plant up into different depart- 
ments for different products would require that in general each 
department should have its own machines of these highly special 
types. 

With regard to the quality of the foremen and workmen, it 
was certain that they were proud of both, but if he, Mr. Flanders, 
were manager of a plant under similar conditions in regions which 
were supposed to be less Elysian than his native soil, he would 
expect this scheme of production to make things as much easier 
with unpromising material as it did with that of a higher grade. 

With regard to floor space occupied, it should be noted that the 
apid flow of the work, made possible by the scientific production 
program, required much less floor space than under the old scheme. 
Had the plan been adopted five years ago, many tens of thousands 
of dollars would have been saved on now unneeded shop struc- 
tures built when costs were at their highest. 

Any method of wage payment was possible with this scheme, as 
stated in the paper. 

There was no automatic means to prevent the foreman from 
falling behind. However, his dates were given him in plain black 
and white, and it was easier for the superintendent and the fore- 
man himself to see that he was falling behind his schedule than 
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it was where the instructions did not stare him in the face. It 
was the cases where the foreman was failing that would mostly 
engage his attention, and that of the production superintendent. 
That was, in fact, the work for which they were hired; to look 
after the points of weakness and failure. 

There were no stock-room records, and the company had been 
running very successfully without them. Classified records of 
spoilage were, as a matter of fact, being kept. Sometimes they 
looked after this item of cost and sometimes they do not, depend- 
ing upon whether or not the company was passing through a period 
where it was serious. 

Mr. Hagemann was right in laying stress on the restoration in 
part of the old element of personal contact between management 
and foreman, and foreman and workers. There was still another 
immensely important element in the scheme, and that was the 
personal contact between the worker and his work. The impor- 
tance of having individual workmen acquainted with the history 
of a piece of raw materials to finished machine, and having it all 
under his eye, could not be overestimated from whatever angle 
of the problem of management it was viewed. A person of vision 
and literary ability could write a whole book on this one subject 
alone. 

Mr. Flanders hoped at some future time to remedy the omission 
that Mr. Hagemann noted; namely, the actual savings in dollars 
and cents brought about. The best that he could do on that 
subject at the time the paper was written was the more or less 
vague comparison given in the fifth paragraph of the present closure. 
Since the time when the Jones & Lamson Company had begun 
scientific production control, they had never worked under such 
a low schedule of production as they had during the year or so 
past. For that reason direct comparisons were difficult. 

Mr. Bullard’s criticisms were interesting, but it was probably 
impossible to answer them to his satisfaction. Mr. Flanders 
could only say with regard to the storage of raw material, for in- 
stance, that the placing of the reserve of forgings and castings in 
the department which used them had not resulted in any terrible 
loss. No one concerned would now care to go back to the old 
clerical way of looking after this matter, which now appeared to 
look after itself so well. 

Mr. Bullard’s criticisms as to the varying rates of flow were not 
quite clear. They were perhaps based on the idea of having every- 
thing come together at a given assembly point at a given time. 
As a matter of fact, however, a careful reading of the paper would 
show that assembly was continuous, so the problem was not that 
of having every part done and complete at a given point at a given 
time, but of keeping a minimum supply of all parts continuously 
on hand. In doing this, of course, some lots had to be started 
many weeks before they were needed, while others could be started 
only a few days before reserve supply was expected to get low. 
Furthermore, in a part like the headstock spindle, which had 
some very long operations and some very short ones, it was per- 
fectly advisable to do as his company had done and to overlap 
the long operations; that was to say, the rough turning of a lot of 
spindles could start shortly after the boring operation had started 
on them. It did not need to wait until all the spindles were bored 
out. A vast amount of telescoping of the longer operations had 
been involved in laying out the standard program. Mr. Flanders 
could only assure Mr. Bullard that his fears of large inventories, 
burdens on the foreman, and the necessity for clerical assistants 
were completely groundless. These were difficulties which had 
been cured by this scheme. 

With regard to the monthly statements, they had a quite high 
degree of reliability simply because manufacturing and assembling 
operations were continuous rather than cyclic. Otherwise Mr. 
Bullard’s criticisms would be justified. Finally, with regard to his 
fears, it was to be said that whatever a careful theoretical con- 
sideration of the issue might show, the actual practice had resulted 
in a reduction in overhead. 

Mr. Flanders realized that this problem and solution had been 
presented in the paper as though it were a problem in statics 
which had been solved once for all, and would require no further 
changes or development. That, of course, wasnottrue. In the days 
after the paper had been written and before it had been presented 
minor changes and adjustments had taken place. In the period since 
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the presentation of the paper and the final editing of the discussion, 
still other adjustments had had to be made. These changes and ad- 
justments were not accidental and occasional features, but a 
part of the business management; but they had not as yet appeared 
to effect the usefulness of the fundamental principles on which 
this scheme had been based. 

If these changes in adjustments should ever become sufficient 
in volume or interesting enough in kind to warrant presentation, 
concluded Mr. Flanders, it might be wise for him to offer to the 
Society a second paper which would not be concerned with the 
statics of management, but rather with its dynamics. 


The Coming Conflict in Foreign Trade 


TEADILY advancing prosperity and growth of productive 

capacity within the United States are among the best in- 
dices of our competitive powers in international commerce. We 
hear much of mass production and of its vast powers in determining 
competitive ability, but we do not always realize the tremendous 
advantage which the United States actually has in this connection. 
Our manufacturers were valued at about $25,000,000,000 in 1914; 
their value in the recent census of 1923 was indicated at approxi- 
mately $60,000,000,000—a most impressive increase, even after 
allowance is made for liberal price changes that have taken place 
during the decade. 

In pig iron, for example, the gross tonnage produced by the 
United States in 1913 was 30,600,000, which was practically the 
same as the combined output of the United Kingdom and Germany, 
at 29,300,000 tons. By 1924 this predominance had been almost 
doubled; that is to say, the American output was 31,000,000 tons, 
whereas the combined British and German output was only 
15,600,000 tons. A similar situation prevailed in steel ingots, in 
which the American production in 1913 was some 31,300,000 
tons, against the British and German combined total of slightly in 
excess of 26,000,000 tons. By 1924, however, the American pro- 
duction had risen to 37,800,000 tons, whereas the production of 
our two European rivals was slightly under 17,000,000 tons. 

On the side of coal production, likewise, we have more than 
maintained our prewar supremancy, having reached more than 
573,000,000 tons in 1924, or considerably in excess of the com- 
bined output of the United Kingdom and Germany. Our con- 
sumption of the world’s crude rubber production, to take another 
index of industrial expansion, has arisen from 43 per cent of the 
total world output in 1913 to 77 per cent of a much greater output 
in 1924. Similar figures might be cited in many lines to indicate 
the truly impressive predominance of industrial America, a mastery 
which is bound to determine ultimately the direction of the world’s 
commerce. 

Fundamentally, the issue between the American exporter and 
his rival would seem to be one strictly of whether quality or cut 
prices should prevail. As between the two there is to be no ques- 
tion as to the ultimate decision of the American merchant or manu- 
facturer. A strict adherence to those high standards which have 
long given American wares their standing in overseas markets 
would seem to be the best and, in fact, the only foundation for a 
lasting edifice in our foreign trade. It is probable that this may 
mean a loss in certain lines and trade centers, but there is some 
comfort in noting that European price cutting seems to be decidedly 
on the wane for several strong reasons. 

First of all, the high rates of interest now being required by all 
lenders of capital, whether native or American, to European enter- 
prises will present an increasingly serious problem for the European 
manufacturer. Secondly, he faces the inevitable accumulation 
of heavy taxes, from which relief might not be available for years 
Thirdly, there is every indication of a steady upward climb of wage 
rates which in Germany, for example, are still 25 per cent below 
prewar purchasing power. Fourthly, with recovering exchange 
rates, as a result of stabilized currencies, one of the monetary 
advantages enjoyed by our competitors after the war is being 
wiped out. (From concluding portion of an address made before 
the American Manufacturers’ Export Association, New York, 
March 25, by Julius Klein, Director U. 8. Bureau of Foreign and 
Domestic Commerce, and published in The Iron Age, April 2, 1925, 
p. 963.) 
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Principles of Metallurgy of Ferrous Metals for 
Mechanical Engineers 


First of a Series of Articles Discussing the Underlying Physical and Chemical Processes Involved in the 
Metallurgy of Iron and Steel, and Dealing Particularly with the Physico-Chemical 
Properties of Iron Alloys 


By LEON CAMMEN,' NEW YORK, N. Y. 


PIECE of steel in many respects resembles one who examines 
A it. Like him it has properties which are determined by 

the materials of which it is composed, by the treatment it 
has received—its life history, by forces that act invisibly within 
it, and finally, by its environment. It will be the purpose of this 
series of articles to discuss briefly all of those influences which 
contribute to make a piece of steel what it is, to the satisfaction or 
dissatisfaction of its users. 

Every commercial iron alloy is essentially the product of an 
alliance, mechanical or chemical, between the primary elements 
iron and carbon, affected as it always is by the presence of what 
may be called subsidiary or incidental constituents such as man- 
ganese, silicon, sulphur, phosphorus, oxygen, nitrogen, and hydrogen. 
Special iron alloys have also such elements present as nickel, chrom- 
lum, copper, cobalt, tungsten, molybdenum, ete. singly or in 
combinations of two or more. Finally there are elements which 
first appear in and then disappear from the iron alloy at some stage 
or other of its manufacture, producing beneficial or harmful results 
by virtue of some reaction which they have been instrumental in 
accomplishing. Metals like titanium and, to a certain extent, 
vanadium and such so-called deoxidizers as boron, aluminum, and 
Inagnesium may materially affect the character of a steel without 
being actually present in the final product, through the fact of their 
having introduced or eliminated undesirable constituents or exer- 
cised a more or less permanent effect on the structure of the metal. 
What is not always realized is that a very large proportion of the 
carbon used in the manufacture of steel acts in exactly this way. 

In the first place, therefore, the character of a steel, or in fact, 
of all iron alloys, is determined by the materials that go into its 
making. It is also affected by the way in which the steel is made. 
The method of melting and, in particular, the ability to control the 
various steps in the process, and hence the final product, is one of 
the factors the importance of which has not been fully realized. The 
whole difference between bessemer steel on the one hand and open- 
hearth steel on the other, depends on this very fact. The excellence 
of many grades of electric steel is likewise probably due to the ability 
to control the product more than to any other factor. 

The amount of gases dissolved in the steel, which affects the 
soundness of the ingot, is also a factor which may or may not be 
controllable during its manufacture, with the result that the strength 
of the ultimate product may be favorably or unfavorably affected 
by the degree of controllability exercised and by the knowledge of 
the extent to which dissolved gases should be permitted to remain 
in the steel at the time of its teeming. 

Finally, the handling of the molten steel, a subject about which 
very little indeed is to be found in books, affects the character of 
the metal to a far greater extent than is generally realized. When 
steel is teemed from a furnace into a huge ladle and the ladle is 
set aside for, say, twenty minutes to permit the metal to settle, 
something is done which is of truly vital importance in determining 
the character of the final product, vet one may look in vain through 
metallurgical literature to find strict justification for this apparent 
waste of time. 

The temperature at which the metal is poured into an ingot 
mold, the rapidity with which the latter is stripped and the ingot 
transferred to the soaking pit, the design of the ingot mold, the use 
or failure to use hot tops, the shape of the ingot, are all important 
items in the process of manufacture that determine each in its own 
way the properties of the final product. 

As a matter of ‘act, from the moment the molten steel reaches 
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the walls of the mold there are a series of processes at work in shap- 
ing its quality and characteristic properties which do not cease 
until the final operation on the product. The rapidity of freez- 
ing and cooling of the steel, its ability to hold dissolved gases, the 
thermal and chemical processes which produce what is known as 
segregation of the non-metallic elements, the strains in the ingot, 
the development of planes of weakness induced by these processes, 
and the character of erystallization of the steel are but some of 
the factors which determine the properties of the material in the 
ingot. The ingot is not, however, the final product except in the 
case of castings, and in all other cases it is but a starting point for 
other operations. 

These operations, which comprise various kinds of forging, rolling, 
drawing, pressing, and heat treating, introduce numerous other 
influences which modify favorably or unfavorably the character- 
istics already present in the ingot, and these in their turn may be 
followed by a new group of operations such as machining, stamping, 
grinding, etc. at times capable of still further modifying the prop- 
erties of the metal. 

And then there is heat treatment, which, like the fiery bath of 
the fairy tale, permits steel to purify itself of most of its sins of 
improper crystallization, and, one might say, to start life anew, 
with a clean slate, and build up a structure that may be tough or 
brittle, hard or soft, practically as desired. 

When, therefore, we look at a piece of steel we can envisage it 
in a way as a distinct personality with a long past history. We 
know that the character of a man is affected by the race from which 
he sprang, in other words, by those physical and mental ingredients 
which went into his original make-up. It is also affected by the 
conditions under which the most impressionable periods of his life— 
childhood and youth—were passed, by the schooling he received, 
and by the environmental influences that were brought to bear 
upon him. The same is essentially true of steel. The metallurgist 
has to know all of those influences which affect the ultimate char- 
acter of steel just as an expert diagnostician has to understand 
similar influences in the case of aman. It is not an easy task be- 
cause of the very great complexity of the factors affecting and 
determining the characteristic properties of steel, only a part of 
which have been enumerated above. There are, however, certain 
basic underlying processes and physical and chemical laws which 
lie at the foundation of all the vital processes governing the making, 
shaping, and treating of the master material of the world—steel. 
In the present series of articles an effort will be made to discuss 
somewhat briefly, and, as far as possible, in non-technical language, 
these basic underlying physical and chemical processes rather than 
the actual manufacture of steel through all its maze of complexities. 


I—Physico-Chemical Properties of 
Iron Alloys 


N DEALING with ferrous metals, or alloys of iron such as 
I cast iron, steel, and wrought iron, the mechanical engineer 

is primarily interested in knowing whether and why a certain 
piece of metal is tough or brittle, strong or weak, capable or in- 
capable of withstanding vibration and repeated shocks, and whether 
or not it can be improved by proper treatment. Essentially, it 
is not the problem of the mechanical engineer to produce the kind 
of steel or cast iron which would answer his purpose. This is 
primarily the business of the metallurgical engineer, but it is im- 
portant that the mechanical engineer should understand clearly 
what makes a certain material suitable or unsuitable for his purposes 
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and what fundamental properties a material should possess to be 
suitable for the use to which he proposes to apply it. This is highly 
desirable because it will help him in preparing specifications for the 
material that he will use or to act intelligently in selecting the 
proper material for his purposes. Assume, for example, that a 
mechanical engineer is designing a boiler for a pressure of 600 lb. 
and a superheat of 600 deg. fahr. Here ultimately the material 
of the boiler is subjected to two influences: the mechanical in- 
fluence of the pressure, which is comparatively easy to calculate 
by employing certain formulas; and the influence of the temperature 
of the steam, which may greatly modify the ability of the metal 
to withstand the mechanical stresses. Now, if an engineer were 
entirely ignorant of the fact that at temperatures in excess of 1000 
deg. fahr. pronounced weakening occurs in ordinary steel, he might 
specify a material that would merely withstand certain mechanical 
stresses without calling the attention of the metallurgical engineer 
to the fact that unusually high temperatures were to be dealt with, 
and this would unquestionably result in the failure of the steel 
recommended. This is a rather crude example, but it will serve 
to show how important it is for the mechanical engineer to have a 
clear conception of the various influences affecting metals in order 
to be capable of dealing intelligently with the problem of selection 
of materials for his special purposes. 

All ferrous materials (which term includes cast iron, malleable 
iron, white iron, carbon and alloy steels, and wrought iron) are 
essentially combinations of the element iron (Fe) and the element 
carbon (C). All commercial ferrous materials contain small or 
large additions of other substances, some of which are merely 
impurities derived from the ores, fuels, or fluxes and cannot be 
entirely removed in the process used for commercial manufacture. 
Of these the most important are sulphur and phosphorus. Other 
elements may either be inherited by the metal from its ores or be 
deliberately introduced into it during the process of manufacture 
for the purpose of counteracting the harmful properties of im- 
purities or conferring on the metal certain desirable properties. 
Among these may be mentioned manganese, silicon, chromium. 
nickel, vanadium, cobalt, ete. There are finally certain materials 
which are introduced into the metal during its process of manu- 
facture in such a manner and in such quantities as to produce certain 
results and then be more or less completely eliminated. Such 
are, for example, aluminum, magnesium, cerium, uranium, and 
titanium. Of these more will be said later. Our primary interest 
lies in the compounds involving carbon and iron, it being, however, 
clearly understood that the formation, character, and stability of 
these compounds may be affected by the presence of the other ele- 
ments above referred to. Because of this we shall at first deal with 
ferrous materials where the amount and character of the impurities 
are such as not to affect to any considerable extent the iron-carbon 
compounds. 


Factors AFFECTING THE STRUCTURE OF IRON ALLOYS 


The character of the iron-carbon compounds in all ferrous ma- 
terials depends on three factors which we shall consider in succes- 
sion. The first of these is the ratio of the carbon content to the 
iron content. The second is the effect of the processes which 
take place during the passage of the ferrous material from the 
liquid state to the solid state, the exact meaning of the terms 
“liquid state” and “solid state” being more fully explained later. 
The third is the mechanical, thermal, and chemical treatment of 
the material after it has reached its solid state. 

As regards the chemical constitution of iron-carbon compounds, 
it is important to understand that as far as we know only one such 
compound can be formed and that is the carbide of iron, the chem- 
ical formula for which is Fe;C. This compound consists of 6.6 
per cent carbon and 93.4 per cent iron and is usually called “cem- 
entite.” It would appear, furthermore, that in some way or 
other only a certain proportion of the iron will under our present 
conditions of manufacture take up the carbon necessary to produce 
cementite, no matter how much carbon may be actually present, 
the remainder of the iron retaining its freedom. In this way, and 
as a result of the interaction of such agencies as heat, solid solution, 
etc. a series of iron-carbon compounds are produced which, with 
essentially the same chemical composition, exhibit different char- 
acteristics. These compounds have been given special names, such 
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as austenite, martensite, troostite, hardenite, sorbite, pearlite, etc. 
The exact meaning of these terms and the properties of the bodies 
thus denoted will become clear in the course of this series of articles. 
These bodies may pass from one into another when subjected to 
certain influences, especially heat. 

If the structure of an iron alloy depended merely on its chemical 
composition, cementite and iron in their various combinations 
would explain it entirely. As a matter of fact, however, there are 
other factors besides chemical composition which must be taken 
into consideration. The first is that iron may occur in at least 
three forms, depending on the heat treatment to which it has been 
subjected. This happens with a good many materials such as 
sulphur and phosphorus and is called “allotropy.” More will be 
told about it in the chapter on The Crystalline Structure of 
Steel. 

The next factor affecting the structure of iron alloys is that the 
combination of cementite and iron may take a number of forms, 
even when the content of carbon in the total mass remains constant. 
This is again a condition very commonly encountered in chemistry, 
certain materials being stable at one temperature and decomposing 
or passing into other combinations at other temperatures. A very 
interesting instance of this has been utilized in the Mond process 
of making metallic nickel. A compound of nickel and carbon called 
“nickel-carbonyl” is formed at a certain range of temperature, 
122 to 176 deg. fahr. It remains stable between these tem- 
peratures, but at about 392 deg. fahr., it decomposes into nickel 
and carbon monoxide, this reaction being used for obtaining a very 
pure form of nickel. Now iron, which as has been previously 
stated occurs in three forms, and cementite likewise form several 
combinations depending on the temperature at which the material 
is maintained and—what complicates matters still more—the rate of 
cooling from the molten state, or especially from some of the higher 
temperatures. In order to understand what happens to a piece 
of steel we have, therefore, to consider all of these factors. 

With very few exceptions, all ferrous products used in engineering 
are made from molten iron or steel, and passage through the various 
temperature ranges from that of molten metal to practically room 
temperature determines their structure and to a very considerable 
extent their mechanical properties. For purposes of simplicity 
and completeness it may be well to consider first what happens to 
a pure metal like iron or copper when it passes through these vari- 
ous ranges. 

Assume that we have molten iron (pure) at a temperature several 
hundred degrees above its freezing point and that the supply of beat 
to the molten metal has been cut off. The metal will then gradually 
lose its heat, this loss proceeding under ordinary conditions at a 
practically uniform rate until the temperature is reached at which 
solidification begins to set in. It is known that solidification 
consists in a rearrangement of the molecules, which at the instant 
of solidification lose the amount of energy that enables them to 
move about freely. This loss of energy is expressed in an evolution 
of heat, which stops for a while the further loss of temperature. 
As the heat evolved by the solidification of the first batch of meta! 
is lost by conduction, convection, and radiation, the loss of a further 
amount of heat from the metal leads to the solidification of another 
part of the liquid bath, and this proceeds until the entire liquid has 
solidified, at which time the whole mass is supposed to be at the 
same temperature, which is the temperature of solidification for 
the given metal. It is important to note that when solidification 
proceeds in the manner described, i.e., gradually, the mass from 
the time at which solidification commences to the instant at which 
it is completed consists of a mixture of metal partly liquid and 
partly solid. It is, however, possible, in particular with liquids 
freezing at comparatively low temperatures such as water, to cool 
the liquid several degrees below the point of solidification, provided 
it is maintained in a state of rest. But if the liquid is then jarred, 
it will solidify practically instantly. This does not usually happen 





1 There is no universally accepted definition of allotropy. Professor 
Sauveur defines it as ‘suggesting marked and sudden changes in some of 
the properties of a substance occurring at certain critical temperatures, 
without any change of state or of chemical composition.” Jeffries and 
Archer (p. 61) défine an allotropic change as a change in atomic arrange- 
ment, and add that this definition should furnish a positive criterion of 
allotropy hindered only by the experimental difficulties involved in de- 
termining atomic arrangements at high temperatures. 
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with iron, so that the first-described process may be considered as 
fairly standard (for pure iron). 

Ferrous materials such as gray cast iron, carbon steel, and alloy 
steel are, however, not pure metals but compounds consisting of 
more than one element, and the freezing of such compounds pro- 
ceeds in a manner somewhat different from that for pure metals. 
It also depends to a large extent on whether the compounds of the 
metal form a solid solution in each other or not. We may con- 
sider first the case when no solid solution is formed, i.e., when the 
constituents separate completely on freezing. Assume that the 
molten bath consists of a metal of high melting point H and a metal 
of low melting point L. It is further assumed that H is preponder- 
ant in the mixture. As the bath reaches the temperature at which 
H, when present in the mixture, begins to solidify, a small amount 
of it will freeze, and it is important to bear in mind that, in the 
majority of cases, the melting point, or conversely the freezing 
point, of H when present in a mixture of metals such as H and L, 
is lower than that of H alone, decreasing with an increasing content 
of L up to a certain point. The freezing of even a small proportion 
of H will leave a bath containing a larger proportion of L with 
respect to H, aad this, in accordance with what has just been stated, 
will tend to reduce the temperature at which the next batch of H 
will freeze. This process goes on until the temperature has reached 
a certain definite limit for the given alloy, at which time the residual 
bath containing both H and L will freeze without further separation 
of H out of the bath. 

The essential difference between the freezing of the pure metal 
described previously and the freezing of the mixture described here 
is therefore that in the case of a pure metal the entire mass freezes 
at the same temperature though not at the same time, the tem- 
perature being maintained constant automatically by the interplay 
between the natural cooling of the metal on the one hand and 
the evolution of heat as a result of gradual solidification of the 
metal on the other. In the case of the mixture of the two metals 
here described, solidification proceeds over a whole range of tem- 
perature beginning with the temperature of solidification of H 
and ending with the temperature of solidification of what might 
be called a saturated (with respect to L) mixture of the two metals. 

As has been shown above, the gradual freezing out of H continues 
until the liquid represents a mixture of H and L such as contains 
a definite proportion of these two elements. Then the mixture 
freezes as such without further separating out of H. Such a mixture 
is called a “eutectic” mixture, which means a mixture which is the 
most fusible or having the lowest freezing point that can be made out 
of the two given materials. 

In metallurgy such processes are often represented by means of 
diagrams, and Fig. 1, which (through the courtesy of D. Van 
Nostrand Company, New York City) is based on one in Dr. Walter 
Rosenhain’s book, An Introduction to the Study of Physical Metal- 
lurgy, page 91, is an ideal equilibrium diagram of a system of two 
metals which has a eutectic temperature but does not form a solid 
solution. The line XCA represents an alloy or mixture at some 
temperature, at which the investigation starts. The line AEB 
represents the lower boundary of that region in which the alloys 
are completely liquid and is called by the Latin name “liquidus,” 
the abscissas of the curve referring to the proportions of the metals 
in the alloy. The line CED represents the upper boundary of 
temperatures at which the alloy is completely solid. In the case of 
a simple system of two metals such as is described here, CED 
is a straight line and extends from XA to ZB. In more compli- 
cated systems it may be a curve or may extend over only part 
of the distance between the two limit ordinates. This line is 
called the “solidus” and the region between AE and EC on one 
hand and BE and ED on the other represents proportions of H 
and IL which at the given temperatures are partly solid and partly 
liquid. It will be noticed that the point FZ lies both on the solidus 
line and on the liquidus curve, which would indicate that at the 
composition corresponding to E the metal solidifies throughout at 
the same temperature. This, as has been shown above, happens 
with the eutectic residue of H and L. 

The solidification generally discussed above, namely, that of a 
mixture of two metals H and L which are supposed to form a system 
having a eutectic temperature but not producing a solid solution, 
may now be considered in connection with the diagram of Fig. 1. 
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Had we had H alone it would freeze completely at the temperature 
shown by the straight line APM. Since, however, we have a mix- 
ture of the two, the freezing will proceed in the following manner: 
The metal will remain entirely liquid until it reaches the liquidus 
line AF at Q. Then a certain amount of H will freeze and this will 
increase the percentage of L in the liquid mixture from O.Q to O.R, 
but at O.R the metal freezes at a lower temperature r. At that 
temperature a sufficient amount of H will have frozen to increase 
the percentage of L to O.S, and the freezing temperature will 
become s. The next step will carry the percentage of L to 0.T 
and the corresponding freezing temperature to t, and this will con- 
tinue until the temperature CE is reached, which is the lowest tem- 
perature at which the mixture of H and L can freeze and corresponds 
to the eutectic composition containing y per cent of L in the liquid 
mixture. From there on the freezing will proceed without change 
of temperature or of composition of the liquid metal, i.e., in the 
same manner as if it were a pure metal, the line CED being parallel 
to APM. It should be understood, of course, that the steps QR, 
RS, ST, etc. which are shown in the diagram as large distances 
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are really infinitesimal ones, the process being a practically contin- 
uous one instead of, as shown here diagrammatically, divided into 
three or four steps. In the case of alloys forming solid solutions 
the liquidus and solidus have the meaning explained in connection 
with Fig. 1, but the shape of the curves is entirely different. Sam- 
ples of such curves will be found, for example, in Fig. 33 on p. 98 
and Fig. 34 on p. 99 of Dr. Rosenhain’s book cited above. 

This matter of freezing of metals has a very practical importance 
in many ways. As an example of this the case of steel ingots will 
be considered here, particularly important because the great ma- 
jority of the products used in engineering begin as an ingot—to 
be forged, hammered, rolled, drawn into the final shape, etc. More- 
over, in particular reference to rolled and drawn products, it has 
been found that in drawing and rolling the qualities of the ingot are 
distributed throughout the length of the product, so that whatever 
metal there may be, for example, in the inside core of the ingot will 
invariably affect the structure of the inside core of every beam, 
channel, or rail rolled from that part of that particular ingot. 

Steel ingots in the conventional system of manufacture are made 
by pouring molten metal into stationary steel or cast-iron molds, 
the size of the ingot varying in ordinary practice from about 6 in. 
by 6 in. by 48 in. for tool and special alloy steels to huge blocks 
weighing many tons for gun forgings. The majority of com- 
mercial carbon-steel products are made, however, from ingots 
varying from, say, 16 in. on the side to about 48 in. on the side and 
about 72 in. long, although the larger ingots are cast in lengths up 
to 14 ft. The first molten metal teemed into the mold rapidly 
freezes, because of the contact with the cold mold wall. On freez- 
ing it contracts and draws away a little from the mold. It also 
gives up some of its heat (and some of the heat of the metal teemed 
subsequently into the mold) to the mold itself, causing the latter 
to heat and expand, as a result of which a certain air space is formed 
between the outer wall of the ingot and the inner wall of the mold, 
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hindering to some extent the transfer of heat from the ingot to the 
mold. For various practical reasons, steel is teemed from the ladle 
into the molds at a fairly rapid rate from, say, 1'/. tons per min. 
in the case of gun-forging ingots to 3 tons and even higher for ordi- 
nary steel products. With the present large heats (up to 100 tons 
per ladle) and the urge to attain the largest possible production, 
fast pouring is desirable because it makes freezing in the ladle nozzle 
less likely and permits getting through with the heat quickly. 
As a result of it, however, the mold is filled very rapidly. How 
does the freezing of the metal proceed then? Obviously, as has 
been noted above, the metal in immediate contact with the mold 
wall and to a small depth therefrom freezes very rapidly. But 
the layer next to it can lose heat only through the outside shell of 
the ingot which is itself very hot and therefore does not take up the 
heat easily from the molten steel. Moreover this shell can lose its 
heat only by giving it up to the mold and stool. (The ingot mold is 
open at the top and bottom and sits on a heavy cast-iron base 
called a “‘stool.”’) 

But as has been noted above, the transfer of heat from the ingot 
to the mold is somewhat slow, because of the presence of the inter- 
vening air spaces. Therefore the cooling of the metal in the interior 
of the ingot proceeds rather slowly, and, as a matter of fact, if a 
hole were drilled into the side of a five-ton ingot half an hour 
after it was cast, molten metal would “bleed’’ out of the hole. 

Now, if molten metal chills slowly it will chill in the manner 
described above; that is, first the constituent having the highest 
melting point will separate out to some extent, leaving a material 
rich in constituents having the lower melting points. These will 
have a lower melting point than the first batch because of the 
greater content of the alloying elements, and this process will con- 
tinue until the eutectic mixture of the higher-melting-point con- 
stituents and the lower-melting-point constituents has been reached, 
whereupon the freezing of the alloy will continue at a constant tem- 
perature equal to the freezing temperature of this eutectic mixture. 

How will this affect the resulting steel in the ingot? Commercial 
carbon steel has for its main constituents iron and carbon. It 
also contains, however, such materials as oxides of iron, phosphides 
and sulphides, silicates, and possibly manganese phosphide and 
sulphide. All of these have melting points considerably lower than 
that of the iron-carbon constituents, and as a result of the selective 
process of freezing described above they are gradually displaced 
to the last period of freezing in respect to time. But because of 
the method of freezing of an ingot, which proceeds from the outer 
shell inward, they are also displaced toward the central part of the 
ingot, which is therefore often richer in these impurities than the 
outer parts of the ingot. This process of concentration of some of 
the constituents of a steel in a given part is called “segregation.”’ 
It is very undesirable, particularly in products subject to vibrational 
or alternating stresses, because the particles of segregated impurities 
not only do not contribute anything to the strength of the part of 
the metal in which they are embedded, but apparently on account 
of their irregular shape act somewhat like the notch in the notch 
impact test, introducing a grave weakening of the mechanical 
strength of the material. (Compare paper by J. P. Snow entitled 
Some Features of the American Rail Situation, before the Sixth 
Congress of the International Association for Testing Materials, 
vol. 2, pt. 2, paper X9.) 


ALLotropic MopiricaTions or IRoN 


We may now return to the subject of allotropic modifications 
of iron. Pure iron in its normal condition is extremely ductile 
and possesses magnetic properties. It is called “alpha” ferrite or 
alpha iron. Upon heating this alpha iron to a little above 1400 
deg. fahr. which corresponds to the critical range Acs, the iron be- 
comes practically non-magnetic and is then known as “beta’’ iron. 
If it is further heated to a temperature above the upper critical 
range Ac;, another change occurs producing “gamma”’ iron, which 
is somewhat softer than the beta iron. An understanding of 
this subject of allotropic modifications will assist in understand- 
ing the formation of the various constituents of steel. This latter 
also involves the subject of solid solutions. To understand this 
one may consider the interaction between salt and ice. When 
these two substances are placed in contact with each other under 
suitable conditions of temperature the salt and ice merge into 
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each other, and so pass from the state of two separate substances 
or of mechanical mixture into that of one substance or brine solu- 
tion. Here, however, the solution is a liquid, but the same process 
of intermixture may take place with the resultant being solid 
instead of liquid. In fact, a solid solution may be pictured as a 
homogeneous union of two or more substances in indefinite pro- 
portions, this union persisting in the solid state and being so com- 
plete that the individual substances cannot be distinguished under 
the highest-powered microscope. Chemical combination is not 
implied since a new compound would then be formed and the 
separate constituents would cease to exist as such, as they do in 
solid solutions.! 

It has, however, been shown above that where iron and carbon 
are present, carbon in amounts not in excess of a certain limit may 
unite with iron to form a carbide called ‘‘cementite,” and that all 
carbon and iron in excess of that which goes into cementite stays 
free. 

When pure iron undergoes its various allotropic transformations 
(the existence of the alpha and gamma iron is certain, and enough 
evidence is available to make the belief in the existence of the beta 
iron reasonable), there occurs merely a rearrangement of the iron 
molecules themselves, which means movements through compara- 
tively small distances and hence requires but little time. If, 
however, the same changes occur in iron containing carbide of iron, 
such as cementite, the carbide molecules have to change their places, 
and this means a fairly large movement. The process may be car- 
ried out in two ways, either slowly or with extreme rapidity. If 
the process is carried on slowly within certain ranges of temper- 
ature, cementite forms a mechanical mixture with a definite amount 
of ferrite so that the resultant will contain approximately 0.89 
per cent carbon. This mixture is called “pearlite,” because usually 
it consists of interstratified bands of ferrite and cementite having 
an appearance under the microscope somewhat like that of mother- 
of-pearl. If, however, the cooling takes place with great rapidity, 
as, for example, by quenching, and the carbon content is sufficiently 
high, traces of the undecomposed gamma solid solution remain 
as white structural streaks running across the needle-like general 
mass. This structure has received the name of ‘‘austenite,”” which 
is defined by the International Association for Testing Materials a- 
the gamma-iron solid solution when preserved as such down to 
ordinary temperatures; which may happen either as the result of 
quenching or because of the presence of a third alloying element. 

Under certain conditions austenite decomposes into a needle- 
like, erystal-like substance which is called “‘martensite.’”’ Some in- 
vestigators claim that under certain conditions of quenching there 
is produced martensite of composition 0.89 per cent carbon which i- 
structureless and is desirable in quenched steels of certain compo- 
sitions, such as cutlery steel, where the presence of a definite marten- 
sitic structure would indicate overheating. Such structureless mar- 
tensite has been called ‘“‘hardenite.” It is always produced under 
such conditions that its carbon content is approximately 0.89 per 
cent, eutectoid ratio. Quite recently (cp. Revue de Métallurgir, 
Feb., 1925) a new theory of the formation cf martensite has been 
proposed by the Japanese metallurgist Kotaro Honda, who denivs 
that martensite is a product of degeneration of austenite. 

Fig. 2 shows martensite as it appears under ordinary magnifics- 
tion of 100 diameters and Fig. 3 shows it under a magnification of 
1840 diameters. Martensite is very important as it is the hardest 
constituent of hardened steels. It is due to its presence that 
quenched steels are so hard. It varies widely in the details of its 
structure, but usually has a needle-like (acicular) appearance, 
although at times the needles may be exceedingly minute. 

Of late a view has been offered (by Francis F. Lucas) that it Is 
the distribution of iron carbide in a highly dispersed state that 1s 
one of the contributing factors to hardness, if not the chief factor. 
According to this view the transformation to martensite marks in 
its early stages a very rapid precipitation of this constituent alloying 
with iron in some other allotropic form than the gamma state. 

While it has been stated above that martensite usually appears 
under a microscope in the form of needles, it is also found with 4 
decidedly granular appearance. This may be due either to partial 
decomposition to “troostite”’ (see below), or to the fact that the 
needle showing the regular structure is sectioned on a plane almost 
parallel to the plane of a line structure. 
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Fic. 2. PHoroMicroGRAPHS OF STEEL AND Its ConsTITUENTS 


No. 1, large-grained steel casting, magn. 100 diameters; No. 2, small-grained steel casting, annealed magn. 100 diameters; No. 3, pearlite, magn. 100 diameters; 
No. 4, pearlite, magn. 500 diameters; No. 5, sorbite magn. 100 diameters; No. 6, sorbite, magn. 500 diameters; No. 7, martensite-trootsite, magn. 100 diameters; 
No. 8, martensite, magn. 500 diameters (cp. for martensite Fig. 4.) (Courtesy of Union Carbide and Carbon Research Laboratories, Long Island City, N. Y.) 
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It is shown above that austenite and martensite form in rapidly 
cooled, i.e., quenched, carbon steels. If the rate of cooling is 
somewhat slower, the resultant structure is different. The edges 
of the martensite grains, more particularly where they border upon 
ferrite in steels containing less than the eutectoid proportion of 
carbon (0.89 per cent), show rounded or woolly outlines. This 
constituent on etching gives a very dark appearance, is called 
“‘troostite,” and may be regarded as a further step in the degradation 
of austenite into ferrite plus pearlite (see Fig. 4). Troostite is a good 
deal softer than martensite and may be obtained either directly by a 
suitable rate of cooling or from martensitic steel (i.e., quenched steel) 
by reheating to a suitable temperature. This broadly explains why 
the so-called tempering—of which more will be said in the chapter 
dealing with heat treatment—reduces the hardness of quenched 
steels. When the rate of cooling is slowed down still more as com- 
pared with that in the previous operation, or the temperature of 
reheating raised, the decomposition of austenite is carried still 
further and a constituent obtained which is devoid of any visible 
detailed structure under the highest available magnifications; 
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would be reasonable to suppose that sorbite lying between marten- 
site and pearlite would be softer and tougher than martensite but 
harder than pearlite. It would therefore be of advantage for ma- 
terials subjected to stresses at the same time as wear, such as, for 
example, rails and railroad wheel tires, and sorbite production has 
been applied to these materials in the Sandberg process, which 
consists of heating the steel to a temperature above the critical 
point and then cooling it so slowly that the martensitic condition 
is not retained and yet sufficiently rapidly to offset the pearlitic 
stage’s being reached. The cooling is done by blowing air or steam 
on the heated steel. Tests have shown that fully treated steel 
had a breaking stress of 76.4 tons per sq. in. as compared with 
57.32 tons for steel cooled in the atmosphere.* 

It has been shown above that a mixture of ferrite and cementite 
in such proportions as to constitute pearlite contains 0.89 per cent 
carbon. Such a steel is known as a “eutectoid” steel, eutectoid 
being a Greek word meaning “most fusible’’ (the reason for giving 
it this name appears elsewhere). Steels containing less than 0.89 
per cent carbon are also built up of ferrite and cementite, but some 





Fig. 3 DeveLopMEeNtT OF MARTENSITIC NEEDLES AT THE GRAIN BOUNDARY 
OF AUSTENITE. MAGNIFICATION 1840 DIAMETERS 

(From paper in Transactions of The American Society for Steel Treating, vol. 6, 
no. 6, December, 1924, by Francis F. Lucas; published by courtesy of the author 
of the paper and the Western Electric Company, New York City.) 
moreover it does not etch to such a deep color as troostite and does not 
have its peculiar rounded outlines. (See Fig. 2, Nos.5and6.) This 
constituent is called “sorbite,” but some metallurgists claim that it is 
simply a variety of pearlite and that the dividing line between pearl- 
ite and sorbite is simply a question of microscopic power. It may be 
mentioned by the way in this connection that the names austenite, 
martensite, troostite, sorbite, and some others have been given to the 
various constituents of steel in honor of the founders of the science of 
metallography. Rosenhain? points out that as between martensite 
and troostite on one side, and pearlite and sorbite on the other, there 
is a very important distinction: the two former are found essen- 
tially in steels quenched from temperatures above the line PSK, 
this line being the lower limit of existence of the gamma-iron phase 
(Fig. 5), while the latter are only met with if the rate of cooling 
through that temperature has not been unduly accelerated. Troos- 
tite is most readily obtained by oil quenching from temperatures 
just above PSK or 700 deg. cent., or by water quenching while 
the steel is actually in the critical range Ar; Rapid air cooling 
of steel specimens from temperatures above Ar, is sufficient to 
produce sorbite, which merges into pearlite as the rate of cooling 
is decreased. 

An interesting utilization of the metallurgist’s ability to produce 
the desired structure in steel may be seen in the manufacture of 
the so-called “‘sorbitic” rails. From what has been said above, it 


Fic. 4 Nopunar-Typee Troostire ForMep BY THE Direct Decompos! 
TION OF AUSTENITE TO TROOSTITE. MAGNIFICATION 1360 DIAMETERS 


(From paper in Transactions of the American Society for Steel Treating, vo 
no. 6, December, 1924, by Francis F. Lucas; published by courtesy of the aut! 
of the paper and the Western Electric Company, New York City.) 


of the ferrite is not mixed with the cementite to form pearlite and 
is therefore free. Such steels are called “hypo-eutectoid,” hypo 
in Greek meaning “under,” and indicating that the steel contains 
less than the theoretical limiting carbon content. 

When the carbon content exceeds 0.89 but is less than, say, !|.7 
per cent, there is more cementite present than can mix with the 
ferrite. Such steel consists then of pearlite with free cementite, 
the amount of cementite increasing with the carbon content. Such 
steels are called “hyper-eutectoid” (hyper meaning ‘‘abov 
Finally a point is reached when the iron is no longer capable of coin- 
bining with the carbon, and if more carbon is present in the materia! 
than the iron can combine with, this carbon will be trapped whicn 
the iron solidifies and will be present in the iron in the form of free 
carbon. In the constitutional diagram, Fig. 5, this is represented 
by the region lying to the right of EZ. 

This will be discussed in a separate chapter. 


THE IRoN-CARBON EQuILisriuM DIAGRAM 


The curves of Fig. 1 represent an ideal equilibrium diagram of 
a simple binary eutectiferous system. The iron-carbon system, 
however, has a somewhat more complicated diagram, of interest 
not only because of the importance of iron-carbon alloys, but also 
because more study has been devoted to this diagram than to that 
of any other metal or alloy. 














al 
di 
st 
di 











May, 1925 


The diagram of Fig. 5 is reproduced from a report of Committee 
53 on the Nomenclature of the Microscopic Substances and Struc- 
tures of Steel and Cast Iron, presented by Professors H. M. Howe 
and A. Sauveur to the Sixth Congress of the International Asso- 
ciation for Testing Materials (New York, 1912, paper II-7, p. 6). 
This diagram extends only to a carbon concentration of 5 per cent, 
which is the practical limit of carbon found in iron alloys. (Experi- 
mentally, alloys with higher carbon content have been prepared, 
however.) It deals with a system which differs from that shown 
in Fig. 1 in that it forms a solid solution. Some lines have been 
added to the original diagram. 

It appears from this diagram that all metal above ABC is liquid, 
the line ABC being the liquidus of the diagram. All material 
below ALD is solid, the limit of solid solubility of cementite in iron 
lying on the point F or at about 1135 deg. cent. The point B 
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hic. 5 ConstiruTionaL DriaGRaM OF THE IRON-CARBON SysTEM 


lying on both the liquidus and the solidus is the eutectic point, in 
this case that of the solid solution of y iron with cementite. 

The line ES shows the limit of solid solubility of cementite in 
y iron. There are two features about it worthy of notice: one 
is that it slopes downward toward the low-carbon end of the dia- 
gram, which would indicate that the amount of cementite which 7 
iron can retain in solid solution decreases with falling temperature. 
The other feature is that the line ES does not extend to the base of 
the diagram, due to the fact that 7 iron does not exist in a state ap- 
a equilibrium below the temperature indicated by line 
aN " 

Dr. Walter Rosenhain in the constitutional diagram of the iron- 
carbon system on page 161 of his Introduction to the Study of 
Physical Metallurgy, adds a line shown in Fig. 5 as ST. To the 
left of this line and below PSK the metal consists of iron and 
materials of degeneration of austenite, which, as has been stated 
above, depending on the rate of cooling or thermal treatment, 
may be martensite, troostite, sorbite, or pearlite, which are varying 
arrangements that had been explained above. (In the original 
diagram this is designated as a ferrite and pearlite; as other con- 
stitents than pearlite may be also present, it is marked in this 
diagram a ferrite + pearlite, or equivalent.) 

‘To the right of ST the metal may consist of cementite + pearlite 
With or without free graphite in either globular or flake form, de- 
pending on the factors discussed elsewhere (see chapter on Cast 
Iron and Its Derivatives). But on the line ST’ the metal consists 
of pearlite only as this line corresponds to the eutectic composition. 
Because of this the point S may be called the “eutectoid” point, and 
the body formed along the line ST is a “eutectoid,” which means 
Similar to “eutectic.” 

To give an idea of the information that a diagram of the kind 
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shown in Fig. 5 may supply, steel containing 0.2 per cent carbon 
may be considered. It may be mentioned, however, in this con- 
nection that this discussion should not be taken as completely 
covering the subject; more information on the same subject will be 
contained in the second and third chapters, dealing respectively 
with the crystalline structure of ferrous metals and the thermal 
treatment of ferrous metals. 

At a temperature of 1500 deg. cent. indicated by the point y, 
the metal is entirely molten. Beginning with the point where yr 
crosses AB, the metal begins to solidify, so that between that point 
and the point where yz crosses AF we have a mixture of molten 
iron and austenite, the solidification proceeding in a manner some- 
what though not absolutely similar to that indicated in our dis- 
cussion of Fig. 1. From the point where yz crosses AE to the 
point where it crosses GJ, the entire metal is solid and is a mixture 
of austenite (which is a solid solution of carbide of iron in gamma 
iron) and gamma iron. When the metal cools down to the tem- 
perature corresponding to the point where yx crosses GI (about 
840 deg. cent.) a change occurs in its structure in that some of the 
gamma iron is deposited out in the form of beta iron. It may be 
repeated in this connection that some doubt has been expressed as 
to whether beta iron is a true allotropic modification of iron. This 
hinges largely, however, on the definition of what an allotropic 
modification is and need not be discussed further here. Dr. Walter 

tosenhain, for example, believes that beta iron is a true phase of 
iron, intermediate between the gamma phase and the alpha phase 
(Introduction to the Study of Physical Metallurgy, 1923, p. 170). 
Beta iron exists only between the temperatures corresponding to 
the points where yx crosses GI and the line MI. Below that tem- 
perature all the beta iron is transformed into alpha iron, so that in 
the section between MI and PS we have a mixture of gamma-iron 
solid solution with a steadily increasing content in crystals of alpha 
iron. As the line PS is passed (about 750 deg. cent.) the gamma- 
iron solid solution is transformed into the eutectoid mixture of alpha 
iron and cementite (which is pearlite), so that the metal consists of 
alpha ferrite and pearlite. 

We know, then, that this metal has three points of transformation: 
first, on crossing G/ from gamma into beta iron, second, on crossing 
MI from beta into alpha, and third, on crossing PS from gamma- 
iron solid solution into pearlite. The line wz which corresponds 
to the steel containing 0.6 per cent carbon crosses only the lines JS 
and PS, so that instead of having three transformation points it 
has only two and does not pass at all through the beta phase. In 
a later chapter dealing with the subject of heat treatment, the 
practical importance of this difference of behavior of the two 
steels will become evident, and among other things it will be shown 
how use is made of the fact that the 0.6 carbon steel line crosses 
the AE line lower than the 0.2 carbon steel line. This is merely 
cited to illustrate the use to which the constitutional diagram 
may be put, and the subject will be discussed more fully in later 
chapters. 
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Some Elements of Drafting-Room Practice That 
May Be Standardized 


. W. MING,! BROOKLYN, N. Y. 


HAT is the best method of representing screw threads on a 

bolt? If one were to refer to a textbook on engineering 

drawing, he would find that any one of the methods shown 
in Fig. 1 might be used. 

But which of these is the best method, and why is there such 
a wide diversity in practice? In teaching machine drawing, which 
method should be emphasized? 

A hundred such questions occur in the teaching of machine draw- 
ing, and because of the variety of methods employed a college course 
in machine drafting to be practical must of necessity include all 
those used by manufacturing firms. This, of course, is inefficient 
and there should be more definite standards to follow in a drawing 
course given to college students. 

The fact that there are now several methods of representing the 
same thing indicates a vital need for the standardization of ma- 
chine drafting. European countries have recognized this fact and 
the project of standardizing drafting has become with them a 
national affair. Pamphlets have been published showing remark- 
able progress in this endeavor. It is a logical procedure in a pro- 
gram for standardization to begin by standardizing the specifica- 
tion for a product before standardizing the product itself. With 
this idea in view, a list of 120 manufacturing firms was _ pre- 
pared and to each of them was sent a questionnaire and a blue- 
print on which their chief draftsman might easily check off the 
method they preferred in representing the machine elements speci- 
fied. They were asked also to express their opinion as to the need 
of standardizing machine drafting. 

The results were amazing. Replies were received from every 
firm to whom a questionnaire was sent. Extracts from the letters 
received are given below: 

Standardization of drawing-room methods is very much needed and I 
hope that your endeavors along this line will at least be the means of getting 
the movement under way. 

Assuring you that I shall be pleased to advise you further as to our methods 
should you see fit to carry this work on. 

THe New Departure MANUFACTURING COMPANY. 


Your letter of the 14th inst. in regard to standardized methods for 
drafting rooms was duly received, and we are pleased to state that we are 
quite anxious to coéperate with you and be of such assistance as we can in 
this standardization. 

When a final decision is reached by you on the work now in hand we can 
assure you we should be much pleased to receive a copy. 

THe KempsMITH MANUFACTURING Co. 


Your attempt to promote the standardization of the drafting-room opera- 
tions is commendable and we shall be glad to lend you any assistance we can. 
DiamMonpD CHAIn & MANUFACTURING COMPANY. 


We assure you that we are very much interested in the matter of standard- 
ization of drafting-room methods, and we shall be very glad to know how 
this matter is progressing. 

De La VerGNE MaAcuHINE ComPANy. 


We feel that you are engaged in a worthy work, and if we can be of any 
assistance to you, kindly call on us. 
AMERICAN BRIDGE CoMPANY. 


Wish to advise that we are glad to coéperate with you along these lines, 
and that we are enclosing the questionnaire filled out as per your request. 
Lanpis Toot Company. 


We should be very glad to be informed from time to time of the progress 
you are making along the lines of standardization of drafting-room methods. 
Atias Batu Company. 


We trust that this matter will be of aid to you in standardizing your 
own drafting methods, and if we can aid you in any other manner we hope 
you will feel at liberty to request us to do so. 

UG. a 

After the matter has had your consideration we should appreciate re- 
ceiving a copy of the conclusions drawn. 

S. W. Carp MANUFACTURING CoMPANY. 


Navy YARD. 


We shall be pleased to receive your final decision on what you consider 
are the best methods. 


BarBER-COLMAN COMPANY. 
1 Instructor in Mechanical Engineering, Brooklyn Polytechnic Institute. 


We wish you every sucess in this work and if we can be of any further 
assistance to you, do not hesitate to get in touch with us. 


CONSOLIDATED MAcHINE Toot CORPORATION. 


We shall very gladly furnish you with information at any time which may 
be of assistance to you in carrying on this work. 
THe GEOMETRIC 


Toot Company. 


We should be glad to go into this further with you if there are 
ve have not covered. 


any points 


B. F. Sturtevant Company. 


We trust the information given you will be of 
worthy undertaking. 


assistance to you in your 
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Not only were letters received but also a voluminous collection 
of blueprints and drafting-room forms. A preliminary study 
of these prints proved that a wide diversity of methods are em- 
ployed to represent like machine parts. The most outstanding 
need for standardization is in drawing sheet sizes. A list of the 
sizes now in use is given in Fig. 2, together with a graphical layout 
of these sizes. 

A tabulation of the checks on the blueprints which indicate the 
methods employed by the various drafting rooms shows that some 
methods are more generally used than others. The results of this 
study are most enlightening. 

Fig. 1 shows several methods of representing screw threads of 
the V-type. The order of preference is as follows: B, D, E, F, A, 
C, G, H, J, I. 

Fig. 3 shows various methods of representing tapped holes 
plan view and in the order of preference. 

Fig. 4 shows several methods of representing tapped holes 
elevation and in the order of preference. 

Fig. 5 shows three ways of representing a hexagon nut in eleva 
tion and in the order of preference. 

Fig. 6 illustrates two different methods of showing the slot in a 
flat, fillister-head machine screw. Note that B is a direct pro- 
jection of the elevation view, while A is a violation of theory 
Method B is more popular than A 

Fig. 7 shows three methods of drawing arrowheads on a dimension 
line, arranged in the order of preference. Method 
monly used than C. 

Fig. 8 illustrated the various styles and sizes of lettering put on 
engineering drawings and in the order of preference. Note that 
two general styles are given, the vertical ana the inclined. 

Fig. 9 shows various methods of specifying a finished surface 
and also parts that are to be finished all over, in the order of prefer- 
ence. 

Fig. 10 shows two methods of dimensioning a cylinder. Method 
A illustrates the figures in a vertical position while in B the figures 
are placed horizontally. Of the two methods shown, B is preferred. 

Fig. 11 illustrates two methods of dimensioning a machine part 
through which holes are drilled. Note that in method A the holes 
are specified by notes and that the location of the holes is a stepped 
dimension checked by an overall dimension. In method B each 
hole is dimensioned with extension and dimension lines. Method 
A is preferred. 

Fig. 12 shows two methods of dimensioning a rectangular block 
through which holes are drilled. In method A all the dimensions 
are placed outside and the holes are specified by notes. In method 
B some of the figures are placed inside of the object and the holes 
are dimensioned by extension and dimension lines. Method A | 
unanimously preferred. 

Fig. 13 shows two methods of placing a figure in a circle. 
A is preferred. 

Fig. 14 shows two methods of dimensioning concentric circles. 
No. 2 was unanimously selected as the method preferred. 

Fig. 15 shows two methods of placing figures in dimension lines. 
Note that in No. 2 the figures “9/16” are placed in a vertical 
position. No. 2 is preferred. 
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Fig. 16 shows two methods of projecting a line of intersection. 
No. 1 is a true projection of the cylinder in the drum, while No. 2 
is a projection violating theory. Of the replies received, 30 per 
cent favored method No. 1. It is interesting to note that there is 
a tendency to stick to theoretical projection rather than to employ 
short-cut methods which violate theory. 

Fig. 17 shows two methods of dimensioning the end of a rod that 
is chamfered. No. 2 is preferred. 

Fig. 18 shows two equally preferred methods of placing the 
numerals in specifying angular dimensions. No. 2, however, has 
a slight advantage. 

Fig. 19 shows two methods of dimensioning an area that has been 
section-lined. In method A the figures are placed in the section. 
A clear spot of course is provided to insure greater legibility of the 
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blueprint are not conclusive, since the methods of a great many 
of the larger firms have not as yet been studied thoroughly. 

One hundred and twenty firms have responded by supplying 
copies of their drafting-room standards and blueprints illustrating 
the practice they have adopted in their plants. These firms may 
be classified into the various industries as follows: 

Machine Tools Construction and Contracting 
Electrical Apparatus Steam Engines 
Army and Navy Railroads 
Conveyors and Hoisting Gas Engines 
Machinery Automobiles 
Ball Bearings 

The 1200-odd blueprints that have been collected have been 

classified by assigning a number to each company. The following 
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figures. In method B the figures are placed outside of the section, 
but the extension line must of necessity be run through the section. 
Both methods are equally preferred, but method B has a slight 
advantage. 

Fig. 20 shows two methods of projecting the arms of a pulley 
in a cross-sectional view. Method No. 2 is a true projection of 
the arms in the plan view. Method No. 1, however, is not a true 
projection but a violation of theory. Both methods are widely 
used, but No. 2 is preferred over No. 1 by about 25 per cent. 

Fig. 21 shows two methods of dimensioning a slot about a center 
line. Method A is generally preferred. 

A tabulation of the questionnaires which accompanied the blue- 
prints indicates that there is a wide diversity in methods employed 
for specifying notes, changes, lengths, etc. For example: In 
answer to the question as to the limit of the length specified in 
inches, a majority of the firms stated 2 ft., but many of those 
replying indicated other limits such as 100 in., 36 in., 5ft., 6 ft., 4 ft., 
1 ft., and 25 in. 

A great many different methods are now used for indicating a 
change in a dimension on a drawing. Most of the firms incorporate 
in the design of their standard drawing sheets a box in which all 
changes are recorded. References to the dimension in question 
are made either by number or letter, or by both. 

Some firms place inch marks after each dimension, while others 
omit them entirely. The majority of them, however, employ 
the inch mark. It is generally understood that dimensions are 
not repeated for the same part, yet a study of the answers on the 
questionnaires shows that this is not the general practice. 

With respect to the kind of transparent medium employed, a 
tabulation of the replies received shows that while tracing paper 


is gradually displacing tracing cloth, still the majority of the firms 


are using tracing cloth. Vellum is also used extensively. 
It was formerly the general practice to put drawings of various 
details on a large sheet, from which they were later cut out. The 


present practice, according to the replies received to the question- 
naire, is to draw details on separate sheets of paper, placing only one 
detail on a sheet. 

The tabulated results of the answers to the questionnaire and 
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tentative outline has been prepared and each print is studied wit} 
this outline as a guide. 


OUTLINE FOR THE STUDY OF BLUEPRINTS 
I—Forms 


Medium-detail, tracing cloth, tracing paper, vellum, ete.; 
Sizes: royal, imperial, odd, ete.; Border rulings: margin; 
Title boxes, revision boxes, numbering, etc.; Layout of 
the sheet: grouping of the details; Pencil drawing or ink 
drawing. 


II—LETTERING 


Title, sub-title, note, numerals, bill of material, etc.; Title 
boxes, content, size, location, etc.; Style, vertical or inclined; 
all capitals or capitals with lower-case letters. 


III—REPRESENTATION 


Alphabet of lines; Views: number and arrangement, angle; 
Cylindrical parts; Symmetrical parts; Sectioning: theory, 
violations, etc.; Conventional breaks; Developed or bent 
surfaces; Machine fastenings; Gears: spur, bevel, worm, 
special; Cams: development, working drawings of cams; 
Keys; Pipes; Threads; Springs. 


IV—DIMENSIONING 


Lines: dimension, extension, leaders, etc.; Location of numerals; 
Arrows: shape, size; Shape and size dimensions; Location 
dimensions; Base-line dimensioning; Angular dimensions; 
Finish marks and notations; Fractions: position of divid- 
ing line; Placing of tolerances, limits, fits, etc.; Revisions 
and corrections; Not-to-scale dimensions: method of speci- 
fying; Fillets, radii, arcs, angles; Holes: drilled, reamed, 
cored, counterbored, countersunk, etc.; Specifying finishes: 
grind, lapped, chilled, hardened. 


V—SPECIFICATIONS 
Standard or purchased parts; Finished and stock materials, etc. 
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SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 








AERONAUTICS 


Preliminary Study of the Influence of a Rotating Cylinder on a 
Wing 

Dara of experiments undertaken mainly as a result of certain work 
by Joukowsky, Bjerkness, and Ackeret at the Dutch Rijks Studien- 
dienst, which corresponds to the Bureau of Standards in this coun- 
try. The main problem to be solved was whether or not it would 
be possible to obtain increased lift from an airplane wing by build- 
ing into its leading edge a rotating cylinder, and no attempt was 
made during the preliminary experiments to obtain drag or center- 
of-pressure measurements. 

The rotor was driven by a small electric motor and tests were 
made with the opening between the cylinder and wing section 
either open or closed; a considerable increase of lift was obtained 
with gap closed. From data published it would appear that with 
the cylinder stationary and the slot closed the maximum lift coeffi- 
cient has a value of 0.413 abs. and the upper critical angle is 4 deg. 
With the cylinder revolving at 3000 r.p.m. the lift coefficient is 
(0.522, and an increase in rotor speed to 17,000 r.p.m. increases the 
lift coefficient only to 0.527. 

The general shapes of the curves are very similar to those ob- 
tained with the Handley-Page slotted wing, but the percentage of 
increase in the lift is not so great. So far there is no information 
as to the effect of the presence of the rotor on the L/D of a wing 
section. It appears likely that the shape of the nose which the 
rotor will necessitate may adversely affect the drag. 

It is suggested that the rotor may be used for lateral control at 
or above the stalling angle. (Flight, vol. 17, no. 838/3, Jan. 15, 
1925, pp. 30-31, abstract of an article by Dr. Ir. E. B. Wolff in 
De Ingenieur, Dec. 6, 1924, 2 figs., e) 


Long-Distance Flights 


A NUMBER of long-distance flights are planned for 1925 as a 
result of the performance of D’Oisy who flew from Paris to Tokio. 
The aim of the flights now projected is to determine the conditions 
necessary to organize aerial communication between France and 
its immense colonies in equatorial Africa. An attempt will also 
be made to establish a line between Dakar and Lake Chad. All 
the machines selected are of known types, equipped with several 
motors each. Among others selected for the Dakar flight are two 
Blériot machines each with four Hispano-Suiza 180-hp. motors. 
Each machine in flight order will weigh approximately 5500 kg. 
of which 1000 kg. is useful load, 1000 kg. fuel, and 250 kg. oil and 
cooling water. The useful load includes a crew of two pilots, a 
mechanician, a radio telegrapher, and 250 kg. of instruments, 
together with various accessories, provisions, and spare parts. 
The fuel corresponds to nine hours of flight or to a radius of action 
of 1300 km. (807 miles), and is carried in four tanks holding 250 
liters (66 gal.) each. The first trip is to be from Paris to Dakar, 
across the Sahara, returning along the western coast of Africa over 
Smyrna. The second one will also be from Paris to Dakar, a 
distance of 4200 km. (2609 miles), but in a single flight. For this 
purpose a fast two-seater will be used, namely, a Bréguet-19 of the 
type used for D’Oisy’s Paris-Shanghai flight but equipped with a 
Renault 480-hp. motor. It will carry 2000 liters of gasoline (528 
gal.). 

Mittelholzer the Swiss flier left Zurich on December 18 for a 
flight to Persia, a distance of about 5000 km. (3106 miles), but on 
December 28 was halted in Smyrna by Turkish authorities on 
account of failure to procure the necessary permission for flying 
over Turkish territory. 

The article from which the foregoing particulars are taken re- 
reports a number of shorter-distance flights. (L’Aerophile, vol. 33, 
hos. 1-2, Jan. 1-15, 1925, pp. 7-9, illustrated, g) 

[In this connection the New York Evening Post of March 18, 


1925, in a special cablegram from London under the same date, 
reported that Alan Cobham had completed a flight of 17,000 miles 
to India and return without engine replacement. The plane was 
a De Havilland-50 fitted with a 230-hp. Siddeley-Puma engine. 
It is stated that there was not a single forced landing due to engine 
trouble, and that only twice on the flight was it necessary to make 
an external overhauling of the engine. The only things replaced 
were propellers.—Eb1ror. } 


The Croydon Airplane Accident 


Discussion of an official report of the Court of Inquiry appointed 
to investigate the fatal accident which occurred on December 24, 
1924, near the Croydon airdrome to a D.H.-34 machine. 

According to the author, the true causes of the accident were 
not brought out by the report, and the accident in his opinion was 
due to the use in commercial aviation of airplanes built during 
the war or of wartime design, which in the light of our present 
knowledge are not only obsolete but decidedly dangerous. The 
type of wing used throughout the war on every airplane, with per- 
haps the exception of certain types of Fokker fighting machines, 
has the peculiarity that when the tail of the machine is pulled down 
and the nose of the machine is pulled up to a certain point, the 
wing loses its lift. The machine drops its nose suddenly and dives 
until it has acquired sufficient speed to give the pilot control over 
it again. If the machine is stalled and nose-dives from anything 
below 1000 ft., it will hit the ground before the pilot can regain 
control. The special quality of the types of machines which can 
now be built with certain kinds of thick wings and with wings 
fitted with flaps as well as possibly with slotted wings, is that in 
the event of the nose of the machine being pulled up until the 
machine stalls, the machine will simply sink and begin to glide 
forward, but will not under any circumstances throw its nose 
down and dive. 

According to the author, the U. S. Air Mail Service is experi- 
menting now with various forms of wings which will prevent nose 
diving and permit slow landing. 

The Royal Air Service has already in service four types of war 
machines with non-diving, slow-landing wings. Two of these are 
single-seat fighters, one is a two-seat bomber, and one is a general- 
service seaplane. All are capable of getting off at slow speeds 
with heavy loads, land slowly under perfect control, and cannot 
dive. They are apparently equipped with flap wings. (The 
Aeroplane, vol. 28, no. 7, Feb. 18, 1925, pp. 141-142, g) 


Recent Developments in Aircraft Engines 


THE most interesting part of this article is that dealing with the 
two engines of 500 and 800 hp., respectively, which were recently 
developed by the Packard Motor Car Company for aircraft service. 

It is stated that the smaller engine develops 100 hp. more than 
the Liberty while weighing 140 lb. less. These improvements were 
made possible largely because of a new type of cylinder construc- 
tion, original studies with regard to the loads that can be carried 
by bearings, reduction of the weight of the crankshaft accompanied 
by greater strength, and the compacting and lightening of the 
timing and accessory drive layout. 

Before designing the new Packard engines a definite program 
was laid out. It was decided that the new engines were to repre- 
sent a distinct advance in the art and that precedent should be 
disregarded when it was based on so-called common practice un- 
supported by well recognized and proved engineering limitations. 

In other words, practically nothing was taken for granted. 
Even relatively unimportant parts of the engine received the 
closest possible scrutiny in an effort to obtain the maximum pos- 
sible power output with the least possible weight and the greatest 
possible dependability. Time will not allow an explanation of the 
methods employed in all cases, but in general it may be stated 
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that when a problem involved stresses that would yield to sound 
engineering problems, such a solution would be acceptable, but 
when the design had been dictated merely by so-called good engi- 
neering practice, a more or less thorough investigation was made 
either by analysis, or by practical experimentation, or by a combi- 
nation of the two, in an endeavor to ascertain the actual limitations. 

A case in point is the matter of relation of bearing materials to 
allowable loads and speeds. This of course represents one of the 
oldest studies in the world of mechanics: volumes have been written 
on it. The arrival of aircraft engines, however, has thrown an 
entirely new light on the possibility of increasing the permissible 
speeds and loads, provided that certain essential requirements that 
have been uncovered by long experience with aircraft engines are 
observed. At this point it might be well to inject the statement 
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Fig. 1 A Strupy 1n AIRPLANE-ENGINE CYLINDER CONSTRUCTION 


(At the extreme left is the Liberty cylinder; the two central views show the aluminum-block construction with dry and 
wet sleeves, respectively; at the extreme right is the new steel cylinder.) 


that the foundation of any engine design is represented by its 
bearing layout, that the structure cannot proceed until this founda- 
tion has been laid, and that the structure will not be satisfactory 
if the foundation is poor. In other words, a fundamental principle 
of good engine design is to begin with exact knowledge of the 
loads to which the engine bearings are to be subjected, and to de- 
sign accordingly. 

In aircraft engines the life of the connecting rod and the main 
bearings are the most important influences controlling the period 
between overhauls and should receive first consideration. On the 
other hand, if past practice is merely followed and a so-called 
“generous” bearing area is provided, we shall be overlooking two 
important considerations. One is that past practice in aircraft- 
engine bearings has not given altogether satisfactory results; the 
other, that we shall be prevented from using an important means 
of reducing the weight, namely, reducing the length of the bearings, 
and, consequently, the length of the engine. It will be necessary 
to digress for a moment to state that the length of an aircraft 
engine has not always been limited by bearing considerations for, 
in many cases, the closest spacing of cylinder centers possible with 
certain types of cylinder construction, rather than the length to 
be allotted to the bearings, has dictated the design. 

In the investigation, failures of bearings were traced to fatigue 
of the babbitt lining that was produced by minute flexing of the 
backing of the bearing The importance of more rigid bearing 
backing was thus emphasized and it became evident that if the 
babbitt were prevented from flexing under load, far greater loads 
could be carried without flexing distress. It was then determined 
to run a series of tests on a bearing-testing machine, using various 
types of bearing metals, and in each case gradually increasing the 
speed and the load in an endeavor to ascertain what the bearing 
limitations actually were, granted that the two well-recognized 
requirements were complied with. ' 

The first of these was that the bearing must not flex appreciably 
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under load, and the second was that ample force-feed lubrication 
must be provided, not only to produce a continuous oil film but 
also to circulate a quantity of oil sufficient to insure the proper 
viscosity of the oil that maintains the requisite thickness of the 
oil film. 

It was realized that, in the engines to be built, both these re- 
quirements could be controlled in the design and, once the com- 
parative information had been obtained from the bearing-testing- 
machine tests, the data could be translated into the engine design. 
It was recognized, of course, that conditions in the bearing-testing 
machine were very much different from those obtaining in an engine 
running under its own power, in that the loads on the machine 
were concentrated uniformly in a fixed direction, whereas those 
on the engine were constantly changing, both in intensity and in 
direction. It is not claimed that the 
results of these tests throw any par- 
ticularly new light on the subject of 
bearings. What was accomplished was 
the acquiring of knowledge along the 
desired lines without having to rely 
on the reported work of various in- 
vestigators, each of whom conducted 
his tests with other apparatus, other 
materials, and other test conditions of 
speed, load, and lubrication. 

A series of tests were then carried 
out to determine various elements 
affecting the life of the bearings, in 
particular, rubbing factors, and on this 
basis crankshafts were designed so 
that the primary critical speed would 
occur far beyond the operating range 
of the engine. The resulting shaft is 
about twice as stiff as the Liberty 
shaft, although the weight is approxi- 
mately 30 per cent less. This was 
accomplished by the use of journals 
having comparatively large outside 
diameters but bored out through their 
centers, so that relatively great stiff- 
ness accompanied by light weight is provided. The cylinder con- 
struction is shown in Fig. 1 and its choice was based on two considera- 
tions: one that adjacent cylinders should be spaced as closely together 
as possible so that the bulk and weight of the engine as a whole would 
be diminished, and the other that the cylinder assembly should be as 
light as possible. Each block is composed of six individual cylinders 
attached to a single aluminum casting termed the “valve housing.’ 
The individual cylinder is composed of a drawn-steel sleeve welded 
to a forged combustion-chamber head machined completely, and 
having a headplate and a sheet-metal water jacket welded into 
place. Each cylinder is provided with four valves, short valve 
ports being formed integral with the cylinder. These valve ports 
are accurately hollow-milled on their outer surfaces; and the head- 
plate is bored so as to form a press fit over the valve ports, the 
plate seating on shoulders so as to provide about */s in. water 
space above the combustion chamber. The cylinder head is pro- 
vided with five bosses into which are screwed long studs for sup- 
porting the valve housing. The spark-plug bosses are formed 
integral with the combustion chamber. Steps in the manufacture 
of these cylinders are shown in the original article. The weight 
of the complete Model 1500 cylinder is 9.5 lb. and the cylinder 
develops nearly 50 hp.; the weight of the complete Model 2500 
cylinder is 15.2 lb. and the cylinder develops nearly 70 hp. 

The advantages of the new cylinder construction may best be 
studied by comparing it with the other designs shown. The first 
point in its favor is that it provides water circulation in close 
contact with all the heated surfaces, which is not the case with the 
closed-type sleeves shown in the two central views of Fig. 1. An- 
other point in common with the first two designs is that the steel 
cylinder barrel is used as a wearing surface and carries the explo- 
sion loads down to the crankcase, which is not done by the dry- 
sleeve cylinder, in which the aluminum water jacket assists in 
withstanding the heavy loads. 

Among other things, the author points out that with each ad- 
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vance in engine design important improvements in airplane de- 
sign immediately follow; and these alternate steps typify the sound 
progress that is being made in aviation. Incidentally, the interre- 
lated advances in the design of the airplane and of the engine re- 
sult in continual improvements in airplane performance that, 
from a military standpoint, result in maneuvering qualities of a 
highly sensational nature. 

As an example, the daring and highly skilled pilots composing 
the First Pursuit Group at Selfridge Field are engaged daily in 
maneuvers that would have been impossible a few years ago. 

With airplanes that weigh complete little more than an engine 
of corresponding horsepower would have weighed several years 
ago, most astonishing performances are possible. For instance, 
such maneuvers included what amounts to a climbing tail spin, 
i.e., a vertical barrel roll, and several barrel rolls at the top of a 
loop, with practically vertical zooms for hundreds of feet. Need- 
less to say, maneuvers such as these and the terrific acceleration 
that results from catapulting airplanes from battleships produce 
difficult problems in engine operation, particularly with reference 
to carburation. In this way’ progress in engine and airplane 
evolution adds new problems to be solved. (L. M. Woolson, 
Aeronautical Research Engr., Packard Motor Car Co., Detroit, 
Mich., in The Journal of the Society of Automotive Engineers, vol. 
16, no. 3, March, 1925, vol. 16, no. 3, pp. 297-309, 19 figs., dA) 


CORROSION 
Surface Abrasion as a Potential Cause of Localized Corrosion 


Previous work has indicated that most cases of surface corro- 
sion are of an electrochemical character; for electrochemical action 
usually gives rise to soluble primary corrosion products, while 
direct chemical oxidation would generally produce an insoluble 
body in situ on the metallic surface, which would tend to obstruct 
further attack. Bengough has indicated that local abrasion—by 
causing removal of the obstructive film—may allow local attack, 
while von Wurstemberger has suggested that very severe corrosion 
may be occasioned by electric currents flowing between the bare 
abraded portion and the still encrusted area. An experimental 
investigation has been made regarding the existence of these cur- 
rents. Sometimes they flow in such a direction as to localize 
corrosion on the small abraded portion, sometimes in the custo- 
mary direction. But they are generally transitory, dying away 
soon after abrasion ceases. Moreover, the abrasion required to 
produce these currents must, in most cases, be sufficient to damage 
the metal by mechanical erosion also. In the case of the corrosion 
of zine by hydrochloric acid, the wiping away of the black scum of 
residual impurities—lead, ete.—actually diminishes the rate of 
attack; the impurities, if allowed to accumulate, act as the cathodic 
members of the corrosion couples and facilitate the liberation of 
hydrogen. Vernon’s statement that commercial (impure) zinc is 
attacked more slowly than some grades of much purer zinc, is, 
however, confirmed; probably “homophase”’ impurities (in solid 
solution) behave in the opposite mode to ‘“‘heterophase”’ impurities 
(present as a separate phase). (Ulick R. Evans in a paper pre- 
sented before the Institute of Metals March 11, 1925, and ab- 
stracted through The Engineer, vol. 139, no. 3611, March 13, 
1925, p. 294, g) 


Corrosion of Boiler and Condenser Tubes and Action of 
the Hot Wall 


Tue Corrosion Research Committee of the Institute of Metals 
in a report presented in October, 1923, to the Institution of Engi- 
neers and Shipbuilders, Newcastle-on-Tyne (compare MECHANICAL 
ENGINEERING, vol. 45, p. 542) laid stress on the fact that entangled 
air was a powerful contributor to corrosion. It has never been 
explained why entangled air accelerates corrosion. In the present 
paper this is explained by reference to a physical effect belonging to 
the same class and known as the Ludwig-Soret phenomenon. 

In previous work the author found that when an electrically 
heated platinum wire was immersed in a stream of flowing water, 
it was often locally overheated, even at a comparatively low elec- 
trical current strength. An investigation has shown that when 
ordinary water was used which contained dissolved air, some gas 
was deposited on a given spot of the wire and the air bubble thus 
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formed prevented the liquid from cooling. The adhesion of the air 
to the hot wire, probably to some spot of slightly higher tempera- 
ture, was found to be so great that no practicable increase of the 
water speed could prevent it. 

The following explanation of this phenomenon is suggested: As 
is well known, even in homogeneous moist air a new phase (liquid 
water) appears on every point where the temperature is below a 
definite value (the dewpoint). This implies that the partial pres- 
sure of the water is determined by the lowest temperature occurring. 
This is often designated as “the action of the cold wall.” On the 
other hand, in a liquid containing air, or another gas, in solution, a 
new phase (gas) will appear on every point where the temperature 
is above a definite value (depending on the concentration and solu- 
bility of the gas). This implies that the partial pressure of the 
dissolved gas is determined by the highest temperature occurring. 
In order to have the analogy borne out as clearly as possible, this is 
designated as “the action of the hot wall.’”’ A number of experi- 
ments described in the original paper were carried out to demon- 
strate this action of the hot wall. 

To counteract this obnoxious corrosion the following procedure 
is suggested: 

1 It is evident that the surface of the metal must be as even or 
smooth as possible (the tube thickness as regular and the metal 
itself as homogeneous as possible). Any metallic projections from 
the surface are liable to act as centers for the formation of the gas 
phase. This conclusion, however, is not new, as from nearly every 
point of view in corrosion the smoothness of the surface is desirable. 
Unfortunately from the standpoint of the practical engineer, only 
little can be done in this direction. 

2 It is obvious that the formation of an even sea-scale layer on 
the metal surface—at least if not too thick—must protect the tube 
in lessening the effect of any temperature differences that may exist 
in the metallic surface. This likewise conforms to full earlier ex- 
perience, but little can be done, as it seems, in this direction. 

3 If the tube surface is originally very smooth a high speed of 
the water is likely to be in opposition to the air precipitation, though 
probably in no way excluding it; on the other hand, if the surface is 
roughened, a very high speed will scarcely have any beneficial in- 
fluence. 

4 The only radical means to avoid corrosion will be to remove 
the possibility of air precipitation in using a water devoid of air. 
This, likewise, is no novel conclusion; on the contrary, practical 
means of removing the air content of water is an old desideratum. 
Here, however, the chemical method is out of the question, as the 
nitrogen that is then left unremoved will exert the same influence of 
local superheating. The physical method used hitherto, involving 
the combination of heating and vacuum, signifies a considerable 
complication. It is therefore very fortunate that the elucidation 
gained as to the main cause of this corrosion will at the same time 
offer the rational remedy, “elements beaten with their own arms’’ 
(elementa suis armis devicta) being a sound principle. As a matter 
of fact, the action of the hot wall may be taken advantage of in 
order to remove the air, or other gases, at places where it causes 
no harm. 

The most effective way of removing moisture from air probably 
is to let the air pass over a body of very low temperature (as that of 
liquid air); the action of the cold wall then causes a removal of every 
trace of water. Analogously, we may conclude that a very effec- 
tive way of removing air from liquid water must be to let the water 
pass over a body of very high temperature; the action of the hot 
wall will then probably cause a very energetic air removal. To 
test the truth of this conclusion a series of experiments were carried 
out as described in the original paper and an experimental ap- 
paratus is described which permits the removal of the greatest part 
of the air content of the water. On the average 93.8 per cent of the 
energy used in air separation is recovered in the heating of the 
water. It should be understood, however, that this applies, how- 
ever, to an elaborate device. 

The second section of the paper discusses segregation in molten 
iron occurring previous to solidification, and-the author ascribes 
certain forms of segregation to the same Ludwig-Soret phenomenon, 
to which, in his opinion, corrosion of boiler and condenser tubes 
may be due. (Fourth Annual Lecture of the Institute of Metals 
Division before The American Institute of Mining and Metallurgi- 
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cal Engineers, New York meeting, February, 1925, by Carl Bene- 
dicks, Director of the Metallographic Institute of Stockholm, 
Sweden. Transactions of the American Institute of Mining and 
Metallurgical Engineers, no. 1449-E, etA) 


ENGINEERING MATERIALS (See Power-Plant Engi- 
neering: Steam Pipes for Extra High Pressure 
and Temperature; Railroad Engineering: Rail 
Wear) 


FUELS AND FIRING (See Power-Plant Engineering: 
Cost of Atomizing Fuel Oil) 


HYDRAULICS (See also Testing and Measurements: 
Measurement of Pipe Flow by the Codérdinate 
Method) 


The Operation of Hydroelectric Systems with Auxiliary Steam 
Plants for Best Economy and Proper Governing 


BrigF._y, the author recommends dividing the station load 
equally between those units in operation having duplicate efficiency 
curves and discusses methods of operation for best economy of a 
power station for a multiplicity of similar units giving duplicate 
performance curves. When dealing with hydroelectric systems 
in which there are plants operating under various heads and var- 
ious-sized units, the performance curve of efficiency of each unit 
must be consulted to plan the operation for best economy. 

Under some conditions it has been found a decided advantage 
to operate two or more plants on an intermittent basis. Actual 
application of the principle of operating two or more plants on the 
same river on an intermittent basis rather than on a continuous 
basis has recently resulted in as much as 10 per cent increase in 
kilowatt-hours on a given river flow. This operation consists 
primarily in absolute orders never to allow a unit to operate on the 
governor at gate openings between zero and about six-tenths. In 
other words, a unit on the line should be either shut down to zero 
gate opening or operated above six- or seven-tenths gate opening. 
Load conditions do not permit of this requirement unless deliberate 
steps are taken to meet it. Such steps consist of intermittently 
operating one plant above the load it would naturally take and an 
additional plant below the corresponding point. After a period, 
the length of which depends on the pondage available, the condi- 
tions are reversed in the two plants. Still further temporary 
shifting of load may be made between steam and water. 

The setting of the governors in stations having duplicate units 
with duplicate efficiency curves should be such that they have the 
same inherent regulation. By inherent regulation the author 
means the percentage drop in speed from no load to full load when 
the load has been very slowly changed. All modern water-wheel 
governors are equipped with means for changing at will this in- 
herent speed regulation. An inherent regulation of 2 per cent 
drop in speed from no load to full load is found sufficient to cause 
the governors to equally divide the load. In the system having 
units illustrated by efficiency curves of a different inherent regula- 
tion between, the governors should be made different. Those 
units having high part-load efficiency, giving a flat efficiency curve, 
should have small inherent regulation. Those units having lower 
part-load efficiency should have greater inherent regulation, so 
that under changes of load the greater percentage change of load 
will come on the more efficient units. 

The author believes that the compensating devices used on 
hydraulic governors can advantageously be added to steam- 
turbine governors when operated as steam auxiliaries on hydro- 
electric plants, thereby obtaining a more uniform division of load 
changes than otherwise. 

In practically all cases where steam turbines are operated as 
auxiliaries on hydroelectric systems, new and different problems 
must be met and solved in adjusting the governors to most satis- 
factory and efficiently meet these conditions. 

The author does not lay down any hard and fast rules, nor, as 
he states, is it his intention to do so, the purpose of his paper being 
to point out and bring to the attention of engineers many of the 
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problems to be solved in operating large systems, in the hope that 
discussion and study will bring about a better understanding and 
more complete solution of these problems. (Wm. M. White, 
Chief Engr., Hydraulic Dept., Allis-Chalmers Mfg. Co., Milwaukee, 
Wis., Mem. A.S.M.E., in a paper before the Third Annual Hydro- 
electric Conference, Philadelphia, 1925, 5 pp., 2 figs., gp) 


Operation of Hydroelectric Units for Maximum Kilowatt-Hours 


ONLY some of the features of this extensive and interesting paper 
can be abstracted. Among other things, the author discusses the 
subject of venting of reaction runners, i.e., admission of air to 
some portion of the runner or the passage surrounding it. For 
several years it has been the practice of the Allis-Chalmers Com- 
pany to deliberately introduce vacuum breakers for the controlled 
venting of reaction runners to attain a condition where the run- 
ners ran in air. In this way one-tenth gate performance was 
secured in daytime simply by adding air pipes leading into the 
draft chest, it having been established that venting reaction run- 
ners at small gate openings gave greater output from the flow used. 
When synchronous-condenser operation of hydroelectric units 
came into general practice the application was carried still further 
and the ideal losses of the entire unit at zero gate greatly reduced 
by venting. Curves in the original article show the difference in 
power performance between the vented and unvented units. The 
venting advantage does not necessarily obtain with all types of 
reaction runners, nor is it advisable to use it under certain condi- 
tions of turbine setting wherein the elevations of turbine above 
tail level do not permit of the desired air admission. 

As a general comment the author adds that synchronous-con- 
denser operation of hydroelectric units is perfectly good practice, 
and as transmission lines become more and more extensive and 
voltage regulation more and more important, it is bound to be 
reported to an increasingly greater extent. This is particularly 
true as steam and hydraulic systems are more expensively inter- 
connected, with the result that there is a greater excess of installed 
capacity of hydroelectric capacity over average stream flow. 
This means that there will be an increasingly greater number oi 
idle machines available for power-factor correction purposes and 
while these machines may not be located ideally for absorbing 
wattless current, the mere fact of their existence without the extra 
cost involved in straight synchronous condensers will tend toward 
their use for this purpose. 

As regards gate leakage, the opinion of the author is that it 
should be less than 1 per cent of the full discharge of the unit. 
Gate leakage is a function of certain factors enumerated in the 
original article, and the study of it brings up the question as to 
whether adjustable gates as understood today are not a very ex- 
pensive luxury. If a simpler control that would add less cost to 
the turbine structure and at the same time permit of absolutely 
tight shutdown could be devised, it would probably better meet 
the real objective of our present-day design than the style of con- 
struction which we are bound to by habit and familiarity. Chang- 
ing requirements of our systems should induce a very decided 
effort to depart from forms and structures the necessity for which 
may no longer exist, originating as they dic under conditions of 
isolated-plant operation which required close regulation of indi- 
vidual machines. In other words, are not many of our costly 
turbine details traceable to general features of design which have 
little or no application to present-day requirements? More of 
this question is covered later in a section of the paper dealing with 
governors. 

The subject of impulse wheels is discussed next, particularly in 
connection with the question of draft tubes. The conclusion to 
which the author arrives is that draft tubes as applied to impulse 
wheels for regaining flood height are not in themselves commercial. 
The windage effect probably has not been appreciated as to extent 
nor as to the possibility of elimination, and the two items together 
should be considered more fully. The author also considers the 
question of pitting in impulse-wheel buckets due to higher vacuum 
conditions and release of dissolved gases in such cases as, for ex- 
ample, when the jet issues from the nozzle into the vacuum space. 

The part which apparently attracted most of the attention 11 
the discussion was that of dealing with governors, and the author 
seems to believe that they are becoming rapidly obsolete. 
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When they are eliminated, and they will most certainly either 
be eliminated or so restricted in their operation as to become mere 
safety shutdown devices, the hydro unit will be greatly improved 
as a producer of kilowatt-hours. 

The governors cost a lot of money. They reduce the kilowatt- 
hours that the turbine could otherwise generate if not saddled 
with their burden. They necessitate greater cost of turbine struc- 
ture and in connection with flywheel effect usually increase the 
cost and decrease the efficiency of the generator. They most 
certainly reduce the continuity or reliability factor of operation of 
the plant, and correspondingly interfere with the quality of service 
and further reduce the kilowatt-hours. They greatly increase the 
possibility of accident and certainly do more than any other single 
cause to shorten the life of the turbine itself. They may be sum- 
marized as reducing the output and increasing the upkeep of the 
plant, thus bringing closer the two items, the difference between 
which means net income and profit to the owner. 

It is not suggested that all control be eliminated; rather that it 
be so modified that it is a control rather than a governor, with 
thirty or sixty seconds operating time in place of two seconds. 
(jovernors regularly and repeatedly impose sudden strains on 
turbine structures of a magnitude averaging (if expressed in horse- 
power) an appreciable percentage of the full turbine capacity. A 
control should be based on about 1/10 to 1/30 of this governor 
capacity, the strains and wear correspondingly reduced in amount, 
and almost entirely reduced from a standpoint of repetition. It 
might still be a governor if so calling it would make one feel safer, 
hut it would be free from the faults of our present practice and 
primarily much more conducive to the production of kilowatt- 
hours. It would be decidedly better for the average automatic 
tation as it is freer from complications and troubles. 

It may be of interest to know that in the last few years some 
20-odd larger-capacity units, that is, running over 1000 hp. each, 
have been built without governors. Their operation to date has 
been everything that has been expected of them from a standpoint 
of kilowatt-hours produced. It should not be forgotten that the 
horsepower installed in this country at present in hydraulic tur- 
bines under governor control is far in excess of the momentary 
horsepower load variation, and as the systems increase with corre- 
spondingly greater diversity factor the actual load changes will 
undoubtedly further decrease. (F. Nagler, Hydraulic Engr., 
\llis-Chalmers Mfg. Co., Milwaukee, Wis., Mem. A.S.M.F., in a 
paper presented at the Third Hydro-Electric Conference at Phila- 
delphia, Mar. 10, 1925, 8 pp., 6 figs., gA) 


Interrelation of Operation and Design of Hydraulic Turbines 


The economical selection of runner is the first subject taken up 
by the authors. It is usually governed partly by the head under 
which the unit must operate, and as a general guide in selecting 
the specific speed, and hence the type of runner. There was pre- 
pared some years ago by the leading turbine manufacturers a curve 
plotted between head and specific speed of the runner, known as 
an “experience curve.” The authors believe the use of this curve 
is not a logical method for selecting specific speeds, and point out 
that if it were possible always to operate each turbine at its point 
of maximum efficiency, the type of runner would not be of any 
great import, for turbine runners have now been designed for a 
wide range of speeds, developing very nearly the same maximum 
efficiencies. Where it is necessary to operate a unit at part load 
the actual output obtained from a given discharge will differ quite 
widely for the different specific runner, and the authors show four 
runners drawn to the same scale (Fig. 2), each developing the same 
power under a given head but at speeds proportional to the specific 
speed indicated. 

The authors therefore come to the conclusion that in considering 
any installation in which part-load operation is to be a factor, it 
becomes advisable to compare units of different speeds in order 
to select the most economical speed for the given conditions, and 
show a case where a lower-speed unit would be more economical 
to install and substantially more profitable to the power company 
In respect to yearly income. 

The next section deals with load division among units in a 
Station. Taking curves A and B in Fig. 3, showing the physical 
relation between output and discharge of two different units, the 
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authors derive an equation which shows that for best economy 
the two units must be operated at points on their output curves 
having equal slopes or having equal values of the first derivative 
of output with respect to discharge. In this connection two cases 
are considered: namely, 

1 Units having curves of output versus discharge, having at all 
points a form either convex or straight; and referred to as curves 
without points of inflection. , 

2 Units having curves of output versus discharge containing a 
reversal of curvature, and referred to as curves with points of 
inflection. 

An analysis of these shows in the case of a two-unit plant that 
variations in total load are handled in the most economical manner 
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Fic. 2) Rerative Dimensions OF RUNNERS OF DIFFERENT SPECIFIC 
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by installing at least one lower-speed unit in a plant where varia- 
tions in stream flow occur. Next is considered a plant contain- 
ing four 1500-hp. units under a head of 20 ft. where the flow 
during the year varies from that required by one unit to that re- 
quired by all four units. The output-discharge curves with points 
of inflection are considered next. This is not suitable for abstract- 
ing. 

The subject of pitting of turbine runners is then considered in 
connection with cavitation, and the authors agree with the report 
presented by Albion Davis at Atlantic City, May, 1924, and at 
Cleveland, February, 1925, to the Hydraulic Power Committee of 
the National Electric Light Association in which it is stated that 
the data seem definitely to establish the theory that serious pitting 
occurs on the surfaces of a runner only where there is a nearly com- 
plete vacuum. 

In Mr. Davis’ report the “total draft head” is taken as the static 
draft head plus the calculated velocity head in an axial direction 
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at the throat of the runner, and general deductions are drawn as 
to the allowable draft heads to avoid pitting. This method of 
comparison does not give the true vacuum due to velocity head, 
nor does it take any account of the local cavitation effect mentioned 
above. 

To determine the vacuum due to velocity head, the absolute 
velocity at the throat of the runner must be calculated by first 
using the net area at this point (allowing for the area occupied 
by the runner vanes), and then correcting the velocity in an axial 
direction thus obtained for the angle of whirl of the water dis- 
charged at this point. The amount of the whirl component varies 
in runners of different design, usually increasing with the specific 
speed, and the actual amount of whirl for various specific speeds 
can best be determined by laboratory tests. It must also be borne 
in mind that the vacuum due to this velocity head is not equal to 
the full velocity head but only to that portion of the velocity head 
at the throat of the runner which is regained by the draft tube. 
Therefore correctly to determine this vacuum the absolute velocity 
head at the throat of the runner must be multiplied by the draft- 
tube efficiency. The actual values of efficiencies for different 
types of draft tubes can best be determined from laboratory tests. 

The authors believe that draft head is a major factor in deter- 
mining whether a turbine is likely to develop hydraulic corrosion 
or pitting, another important factor being form or design of tur- 
bine. Selecting the type of turbines suited for a given plant on 
the basis of an “experience curve’ plotted between specific 
speed and head loss does not correctly serve the purpose of 
setting a limit on specific speed which will avoid danger of pit- 
ting, because it recognizes the effect of only one factor, head in 
relation to specific speed, and neglects a more important factor, 
draft head. A method for taking into account the local pressure 
reduction in the runner was developed by one of the authors and 
illustrated by applying it to the turbines of the propeller type. 
An equivalent method but different in form has been proposed in a 
paper by Dr. Dieter Thoma (Experimental Research in the Field 
of Water Power) presented at the First World Power Conference. 

For purposes of closer computation, it will be of assistance when 
the data are available, as it is in all new designs, to separate the 
reduction of average pressure at the entrance to the draft tube from 
the local pressure reduction in the runner and to express these as 
separate terms. Each of these pressure reductions varies in direct 
proportion to the head on the runner; but the reduction in average 
pressure can be calculated with considerable definiteness, while 
the local reduction is dependent on so many complex or indeter- 
minate factors that it cannot readily be found by any direct method 
of calculation. It is therefore proposed that the local pressure 
reduction be expressed by means of a cavitation coefficient equal 
to the ratio of local pressure reduction to head on turbine; and to 
gain some idea of its numerical value it has been calculated for all 
available installations from the reports of Mr. Albion Davis and 
the records of the I. P. Morris Department. The curves drawn 
by reference to points plotted with the cavitation coefficient and 
specific speed as coérdinates can be used in much the same way 
as the earlier “experience curve” but to better advantage, as 
such curves are depended upon to find only one part of the total 
draft head, the remaining, and usually the greater, portion being 
directly calculated; and the method thus provided is free from the 
objections raised against the earlier method. 

Two methods are available to gain some idea of the numerical 
values of the proposed cavitation coefficient k.. Both methods 
were applied as shown by curves in the original article, and from 
these it would appear that there is a certain doubtful region where 
the possibility of pitting must be carefully considered. The 
lowermost curve may be considered to represent the danger line 
setting a limit below which one should not go usually in fixing the 
value of the cavitation coefficient k. for a new installation. In 
presenting a discussion of the questions of cavitation and corro- 
sion the purpose of the authors was to suggest a method of hand- 
ling the problem rather than prescribe any precise numerical 
values in applying it. 

The operating conditions and effect of draft-tube design and 
efficiency on pitting are next considered, and the authors come to 
the rather interesting conclusion that the only thing which has 
saved many an installation from serious corrosion in the past has 
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been an inefficient draft tube. The conclusion is, of course, not 
that we must use inefficient draft tubes, but that due care must be 
taken to place the runner within the proper height above the tail- 
water surface. Recent improvements in draft tubes will call for 
more conservative values of static draft head than have been gen- 
erally used in past practice. (Frank H. Rogers and Lewis F. 
Moody, Members A.S.M.E., respectively Chief Engr. and Con- 
sulting Engr. of the I. P. Morris Department, Wm. Cramp & 
Sons Ship and Engine Building Co., Philadelphia, in a paper pre- 
sented at the Third Annual Hydro-Flectric Conference, Mar. 10, 
1925, Philadelphia, 18 pp., 25 figs., tA) 


INTERNAL-COMBUSTION ENGINEERING (See also 
Aeronautics: Aircraft Engines; Power-Plant Engi- 
neering: Cost of Atomizing Fuel Oil) 


The Hunter Carburetor 


Waite the float chamber and slow-running jet (Fig. 4) are on 
normal lines, this carburetor has a sliding choke tube surrounding 
the jet and diffuser. This choke tube also acts as a throttle, for 
in its lowest position it closes the two ports which lead to the in- 
duction manifold; as the accelerator is depressed it raises the 
choke, opening the ports and allowing the mixture to pass to the 
engine. 

Sliding centrally in the diffuser and jet is a tapered needle con- 
trolled by a Bowden wire and a small lever which is mounted upon 
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Fig.4 Section oF THE Hunter CARBURETOR SHOWING JET DIFFUSER 
TAPERED NEEDLE, AND COMBINED CHOKE TUBE AND THROTTLE 


the steering wheel. This allows the jet orifice to be varied accord- 
ing to the needs of the engine, and as the choke tube is raised be- 
yond a certain position, it comes in contact with an annular slide 
attached to the needle control so that furtaer movement of the 
choke tube automatically carries the needle with it, thus increasing 
the fuel supply through the jet for the full throttle opening. 

Rough tests of the device are reported in the original article. 
(The Autocar, vol. 54, no. 1534, Mar. 13, 1925, p. 440, 2 figs., d) 


An Automatically Lubricated Diesel Engine 


Description of a new solid-injection type of Diesel engine 
brought out by Fairbanks, Morse & Co., of Chicago. Among 
other things it employs a mechanical lubricator driven from an 
eccentric on the crankshaft by means of a rocker arm and ratchet 
type of drive. Oil is forced to the cylinder piston and crankpin, 
and from these bearings the surplus finds its way to the lower 
crankcase, from which it is drained into a sump. 

The main bearings are ring-oiling, with oil wells in the lower 
base. The governor and related parts are supplied by splash 
lubrication in the governor housing. Surplus oil which is pumped 
to the lubricator by the clean-oil sump pump overflows and is 
carried down over the eccentric and collects in the extension of 
the lower base that supports the injection pump and governor 
housing. The governor, dipping in the well thus formed, keeps 
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the pump cam, pump rocker, and rollers covered with oil. This 
well is interconnected with the main-bearing oil wells and is pro- 
vided with an overflow that maintains a constant level of oil 
throughout the system. 

In this engine the compression pressure has been raised to 500 
lb. so that the engine can be started without the aid of a torch. 
An auxiliary combustion chamber is provided, into which the air 
rushes on the compression stroke and meets the atomized spray 
from the injection nozzle. The turbulence caused by this meeting 
of the air and fuel aids in preparing the fuel for complete combus- 
tion and also holds the charge in suspension. The fuel system 
consists of a single plunger pump for each cylinder and one auxiliary 
plunger pump which draws the fue from the auxiliary supply 
tank and then pumps it into the reservoir in which the injection 
pumps are submerged. It is possible to regulate the timing of 
the fuel injection by changing the angular position of the cam 
which operates the injection pumps. (Power Plant Engineering, 
vol. 29, no. 5, Mar. 1, 1925, pp. 310-312, 4 figs., d) 


Exhaust-Gas Turbines and Superchargers 


ExHaust-Gas turbines have been applied in America to drive 
blowers which in their turn were used to supercharge engines as, 
for example, in the Moss supercharger designed by Sanford A. 
Moss (Mem. A.S.M.E.), but they have been used practically 
exclusively on airplanes to enable them to operate at a higher 
ceiling. In the article here abstracted is described an application 
of the same principle to a marine-engine drive, in particular, the 
equipment built by Brown-Boveri & Co. of Baden, Switzerland. 
and fitted on several German vessels, for example, the Hamburg 
South American liner Monte Sarmiento. Fig. 5 shows a section 
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Fic. 5 Secrion THROUGH BLOWER AND Exuaust-Gas TURBINE 


(1, Exhaust-gas turbine; 2, Blower.) 


through the exhaust-gas turbine and blower. The machine would 
appear to be quite simple. A single disk mounted on the blower 
shaft but ordinarily overhung is all that there is inside the turbine 
casing. Owing to the relatively low exhaust temperatures of 
Diesel engines the materials usually employed for steam turbines 
can be used for the exhaust-gas turbines, especially as the pressures 
occurring are also as a rule very low. 

From the blower shown in Fig. 5 about 3900 cu. ft. per min. of 
air can be delivered at a maximum pressure of about 7 lb. per sq. 
in., the blower running at a speed of 82 r.p.m. The nozzles of the 
turbine are so dimensioned that the back pressure during the 
exhaust stroke-is kept as low as possible. 

The purpose of the supercharging in marine oil engines is to 
increase the power of the engine beyond its sea-level rating. In 
practice, supercharging is limited not so much by the tempera- 
tures of the cylinder walls and valves as it is by the increase of 
combustion pressures which would impose excessively heavy 
stresses on the working parts. The highest supercharging pressure 
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considered feasible for Diesel engines today is held by Brown- 
Boveri to be between 6 lb. and 7 lb. per sq. in. Theoretically the 
engine efficiency is improved by supercharging, but whether this 
takes place under the conditions of ordinary marine service has 
not vet been fully demonstrated. 

There are two methods of supercharging. One is to keep the 
same compression ratio as the cylinder, the absolute final pressure 
being then raised to the same extent as the supercharging pressure. 
The other method is to use the same final compression pressure. 
The compression space in the cylinder must then be increased pro- 
portionately with the supercharging pressure, while the expansion 
ratio will become smaller. In the first method the increase of the 
main pressure is effected chiefly by the greater height of the indi- 
cator diagram, and in the second method by fattening of the indi- 
cator diagram. The original article gives curves showing how the 
output of the engine is increased by each of these two methods. 

In supercharged engines the quantity of heat in the exhaust is 
greater because of the increase in the pressure and of the final 
pressure of expansion with a rise of exhaust back pressure. 

It is on this result of the supercharging system that the use of 
the exhaust-gas turbine is based. The pressure needed for operat- 
ing the turbine is not far different from that of the supercharging 
pressure; that is to say, a back pressure must be created on the 
exhaust about equal to the supercharging. 

There is a choice between two systems of operation for the 
exhaust-gas turbine. One can use the variable-pressure system, 
which requires the exhaust gases to leave the cylinder at a high 
velocity. This would require the turbine to be installed close to the 
cylinders. The constant-pressure system seems to have greater 
advantage. In this system the exhaust gases are throttled suffi- 
ciently to give a back pressure, so that they feed to the turbine 
wheel at almost constant velocity. A comparison between the 
different methods available for driving supercharging blowers is 
given in the original article. It is not expected that the exhaust- 
gas turbine described here would be used to drive other auxiliary 
machinery. (Motorship, vol. 10, no. 3, March, 1925, pp. 203-205, 
7 figs., d) 


Sliding-Cylinder Double-Acting Two-Cycle Diesel Engines 


Description of an engine made by the North British Diesel 
Engine Works, Ltd., as installed in the M.S. Swanley, a single- 
screw vessel built for Harris & Dixon by Barkley, Curle & Co., 
Ltd. The vessel is of the shelter-deck cargo type, 410 ft. in length 
by 55 ft. 3 in. breadth, with a draft of 25 ft. 4 in. and displacement 
of 12,560 tons at the load draft, and a speed at sea at this draft 
of 10'/. knots. The engine itself was described in MECHANICAL 
ENGINEERING, vol. 46, no. 6, June, 1924, p. 353. Some of the 
features are of particular interest. 

The main connecting rods are of a different form from that 
usually met with in reciprocating engines. In this instance rigidity 
and not stress is the more important factor, and this is practically 
so in the case of the connecting-rod fork as any slight deflection 
of the fork arms will cause excessive displacement at the top and 
bearings. In order to obtain adequate rigidity the fork section 
has been made very deep. The combined tension and shear 
stress due to gas load is therefore very low, being somewhere in 
the vicinity of 2000 lb. per sq. in. for the down stroke and 1800 lb. 
per sq. in. for the up stroke, which enables the fork to be mace of 
cast steel with safety. In the original article a series of stress 
curves for the connecting rod are given. The connecting-rod ratio 
is large, which makes the reaction on the guide slippers corre- 
spondingly low. 

One of the unique features of the sliding-cylinder engine is that 
it will accommodate itself more readily to wear of the guide shoes 
than will any other type. With a uniform clearance between 
piston and cylinder of 20 thousandths, and a similar clearance be- 
tween cylinder and cover, the guide shoe would have to wear 40 
thousandths before the piston would begin to press heavily on the 
cylinder walls. In a fixed-cylinder engine of equal clearance the 
piston would press on the cylinder walls when the wear on the 
guide shoe exceeded 20 thousandths. It is claimed that the long 
connecting rod reduces the effect of the secondary unbalanced 
forces and couples in the engine. 

The temperature of the cylinder liners is exceptionally low, as 
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shown by measurement by means of thermocouples with the en- 
gine on full load. From this it appears that the maximum tem- 
perature is 270 deg. fahr. with the temperature of water at the inlet 
of 102 deg. fahr. Similar readings for a typical four-cycle single- 
acting engine show a maximum temperature in the liner of 357 
deg. fahr. The four-cycle unit has only one-third of the power 
output of the double-acting unit. 

Several illustrations in the original article show the construction 
of the cylinder and the piston-cooling system. 

The fuel valves as originally fitted in the engine were operated 
partly by the compression pressure in the cylinder and partly by 
the moving cylinder itself. This proved to be satisfactory for 
the most part, especially as regarded the top valves, but the bottom 
fuel valves were sluggish at times, and temporarily this arrange- 
ment was replaced by a cam-operated valve gear. 

The starting piston valves and hand control gear are described 
in the original paper. The gear is such that the engine cannot be 
reversed until fuel and starting air have been cut off from all the 
cylinders. In this respect the gear is foolproof. Moreover, the 
levers, which may be operated either separately or together on 
fuel and starting air, also serve for reversing the engine and may 
not be moved separately during reversal. It is therefore unneces- 
sary for the operator to change his grip when reversing. 

A series of interesting balancing diagrams and curves of inertia 
forces per brake horsepower are given in the original article. From 
these it would appear that the torque is even and the reactionary 
balance good, i.e., the twisting effect on the ship’s hull is more 
uniform than is generally found with oil engines. 

The secondary forces and couples were taken into account when 
investigating the balance of this engine. In balancing reciprocat- 
ing steam engines for merchant ships it has been customary to 
neglect secondary forces and couples, it being assumed apparently 
that the secondary effects were of such a high frequency as to be 
incapable of coinciding with the natural period or periods of vi- 
bration of the ship. Recent experiences with Diesel engines, 
however, have shown that an engine which is perfectly balanced 
with respect to the primary forces and couples may set up con- 
siderable vibration on board ship if the secondary unbalanced 
forces or couples are large. 

The mechanical efficiency of the engine is discussed first by calcu- 
lation and then determined by test. 

Probably the most reliable results were those obtained by put- 
ting the top and bottom fuel-control handles at full power, record- 
ing the brake horsepower, and alternately withdrawing the top 
and bottom fuel handles and recording the brake horsepower 
developed by the top and bottom cylinders separately, the revolu- 
tions being kept constant. 

A typical test of this sort gave the following results: 


With the top and bottom levers at “full power’’........... 
With the top lever at ‘full power’’ and the bottom lever at 

NII «i ox lin: 0) Wa cote hth a, godin lial hiss Owe otal = Ciba ales SSIS 
With the top lever at ‘‘no fuel’ and the bottom lever at ‘‘full 
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From this, after accounting for horsepower lost in the compressor, 
scavenging pump, etc. a mechanical efficiency of approximately 
80 per cent is derived. It is stated, however, that this figure will 
actually be a little high, but it is claimed that the mechanical 
efficiency cannot be below 75 to 76 per cent. From several fuel-con- 
sumption tests it would appear that the best consumption over 
extended tests was from 0.448 to 0.45 lb. per b.hp-hr. at full load 
with boiler fuel, but it is expected that this will be improved. 

In a supplementary paper are given some data of trial runs in 
June, 1924, and the run from Cardiff to Port Said in July, 1924. 
From there the ship went down the Red Sea, where extremely 
hot weather was experienced, the sea temperature being 92 deg. 
fahr. The high temperatures had no effect on the working of the 
engine except that the temperature of the scavenge and injection 
air rose appreciably. The Swanley proceeded to Calcutta, and 
after several other trips reached Kiel at the end of October, 1924. 

Toward the end of the homeward voyage a slight mishap oc- 
curred to two of the top end-bearing caps, owing to a partial failure 
of the forced lubrication system to these bearings. This failure of 
pressure oil was partly due to a slack main-bearing cover causing 
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a loss of pressure in the forced-lubrication system, and partly to 
the presence of emulsion in the lubricating oil. A quantity of 
salt water had found its way into the crankpits, on the outward 
voyage owing to two of the safety disks on the air-compressor 
jacket bursting. 

The top end bearings referred to ran hot for a while, but cooled 
down again when the forced-lubrication pressure was increased. 

At Kiel the bearings were examined and found to be scored. 
This was rectified by the ship’s engineers while cargo was being 
discharged at Kiel, and gave no trouble during the subsequent 
voyage to this country. 

Since the return of the ship a number of alterations have been 
made, the principal alteration in the main engine being the elimi- 
nation of the flexible cooling pipes for the cylinders. (J. C. M. 
Maclagan in Transactions of the Institute of Marine Engineers, vol. 
36, Feb., 1925, original paper, pp. 665-746, numerous tables and 
illustrations, discussion, pp. 746-758, dA) 


LUBRICATION 
The Behavior of Lubricating Oils under Oxidizing Tests 


ALTERATION in the composition of oil invariably leads to the 
formation of asphaltic bodies, due to the action of the air and the 
high temperature to which the oil is submitted in internal-com- 
bustion engines. When in this partially decomposed condition the 
viscosity in the cold state is invariably much greater than that of 
the oil initially. These alterations cause a series of troubles, 
among others being loss in efficiency of the engine due to friction. 
Experience shows that all oils on the market begin at some time 
or other to form asphaltenes, and the question before the author 
was to secure the chemical and physical data necessary to deter- 
mine the behavior of a lubricant in this respect. 

Among other things, in the course of the tests the decomposition 
of the oils was investigated microscopically in the belief that sludg- 
ing would give some clue to the differences in the two oils and in 
view of the fact that sludging renders insoluble the asphaltenes 
produced. The results of this are shown in a series of photographs 
in the original article, but the author does not claim to have defi- 
nitely determined what the products of decomposition are. 

Among the tests there reported it is said that oil used in a certain 
car engine showed after a run of 500 miles the following analysis: 
Oil, 55.26 per cent; asphaltene, 8.70 per cent; and carbenes (or 
matter insoluble carbon tetrachloride), 36.0 per cent, the carbenes 
representing here a product close upon the heels of elemental 
carbon. 

The conclusion to which the author comes is that oil which can 
be maintained the greatest length of time at elevated temperatures 
without showing signs of decomposition is the best suited for use 
in high-speed engines. 

In the course of the discussion of the paper, cleaning of oil by 
centrifuging was mentioned. In his closure the author submitted 
the view that centrifuging, while in all probability removing sus- 
pended and precipitated matters, would not remove those asphal- 
tenes that existed in the colloidal condition. Since, however, it 
would appear that asphaltenes in such a condition would be of 
direct use in increasing the efficiency of the lubricant, it was quite 
likely that judicious centrifuging might be of some help. (J. B. 
Hoblyn in Journal of the Institution of Petroleum Technologists, vol. 
11, no. 48, Feb., 1925, original paper pp. 1-13 and discussion pp. 
13-35, illustrated, eg) 


MARINE ENGINEERING (See Internal-Combustion 
Engines: Sliding-Cylinder Double-Acting Two- 
Cycle Diesel Engine) 


MECHANICS 
The Michell Crankless Engine 


Noress on the dynamic balance of this engine. One of its inter- 


esting features is the perfect balance which can be obtained by a 
proper adjustment of the mass of the swash plate or “slant”’ in re- 
lation to the masses of the reciprocating units. 

Its motion is simple harmonic, and the troublesome problem of 
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balancing the secondary forces and torques, as in the crank and 
connecting-rod mechanism, does not exist. 

The inertia forces set up by the reciprocating masses produce 
couples in the frame which have a resultant whose axis continually 
coincides with the minor axis of the elliptic slant. This axis, 
which in a vertical engine always remains in a horizontal plane, is 
also the axis of the resultant centrifugal couple due to rotation of 
the slant. 

The centrifugal couple and the resultant couple produced by the 
inertia forces of the reciprocating masses are opposed in sense, and 
consequently, with a suitable adjustment of the mass of the swash 
plate, a perfect balance may be obtained. 

From this the author proceeds to a mathematical discussion of 
the proper relation between the mass of the plate and that of the 
reciprocating units. He finds that the inertia forces due to the 
reciprocating units set up a resultant couple of a certain magnitude 
and the axis of the couple corresponds with the minor axis of the 
swash plate. 

With the given number of lines of reciprocating symmetrically 
arranged about the axis of the rotating shaft, perfect balance can 
be obtained when the number of lines of reciprocation is greater 
than two. Balance of torque is possible for a two-line engine in 
which the angular interval between the lines is 90 deg., but the 
forees in such an engine remain unbalanced. (E. C. Moyle in 
The Automobile Engineer, vol. 15, no. 199, Feb., 1925, pp. 41-48, 


3 figs., tm) 


METALLURGY (See Corrosion: Corrosion of Boiler 
and Condenser Tubes) 


POWER-PLANT ENGINEERING (See Corrosion: Cor- 
rosion of Boiler and Condenser Tubes) 


Cost of Atomizing Fuel Oil 


A COMPARISON of the cost of atomizing fuel oil with five types of 
apparatus, namely, (1) mechanical atomizing, (2) steam atomizing, 
and (3) air atomizing with pressure of 8 o0z., 2 lb., and 80 lb., respec- 
tively. The data given cover equipment cost, fixed charges and 
maintenance, and cost of steam, air operation, and labor. From a 
table in the original article it would appear that the cost of mechan- 
ically atomizing fuel oil per 1000 gal. is $1.58 ($4.15), and of steam 
atomizing, $3.21 ($4.68). Air-atomizing costs are as follows: 
With 8 oz. pressure, $1.89 ($3.36); with 2 lb. pressure, $3.26 ($4.73) ; 
and with 80 lb. pressure, $6.53 ($8.00). The table gives detailed 
figures for installations of 150 hp., 300 hp., 900 hp., 1950 hp., and 
4500 hp. The figures cited above are for the latter unit and (in 
parentheses) for the 150-hp. plant. (Chaplin Tyler, of the edi- 
torial staff of Chemical and Metallurgical Engineering, in Chemical 
and Metallurgical Engineering, vol. 32, no. 8, Feb. 23, 1925, pp. 
$23, 1 fig., p) 


Steam Pipes for Extra High Pressure and Temperature 


A paper based on deductions drawn from actual experience of 
pipes working under a maximum temperature of 750 deg. fahr. 
with the steam pressure at 400 Ib. per sq. in. under ordinary con- 
ditions. In the opinion of the author such temperatures and pres- 
sures do not produce any new difficulties, but they accentuate 
all the old ones and make it more than ever evident that the de- 
sign of steam piping is as much a matter for expert knowledge as 
that of any other item in a power station. However, pipes are 
now so reliable and the chance of entire breakdown so small that 
it is quite unnecessary to duplicate them. The diameters of the 
pipe should be kept small by a high-velocity flow, which is obtain- 
able by a drop in pressure of, say, as much as 10 lb. 

Expansion is the ultimate cause for most of the trouble in pipe 
lines. It oceurs either as a result of variations from dead cold to 
the highest steam temperatures, or may be due to extraneous 
causes, 

The author recommends the use of wide bends in the run of the 
pipes, or as the next best thing, expansion bends of the lyre type. To 
save space, bends made from corrugated pipes are now being used, 
as for the same dimensions they give five times the amount of 
movements for expansion. Also corrugated pipes are stronger 
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than plain pipes, because the process of manufacturing thickens 
the crown and the base of the corrugations, and they can only be 
made from the best quality of tubes. 

The author recommends making the pipes as long as possible, 
30 to 35 ft., to reduce the number of joints. The elimination of 
joints by welding up pipes in long lengths on the site is very at- 
tractive, but there has not yet been sufficient experience to justify 
recommending its adoption for the highest pressures. Some prac- 
tical recommendations as to the making of joints and welding 
flanges to pipes are given. (J. Arthur Aiton in a paper before the 
Institution of Engineers and Shipbuilders in Scotland, abstracted 
through The Iron and Coal Trades Review, vol. 110, no. 2974, Feb. 
27, 1925, p. 347, p) 


Exposing Water-Tube Surfaces to Flame 


AN INVESTIGATION on this subject was conducted by Michel 
Sohm, chief engineer of the Mines de Bruay, France. This con- 
cern erected the first complete boiler plant in Europe to be fired 
with pulverized coal. Their tests were conducted to determine 
the effect of boiler-tube surfaces directly exposed to the radiant 
heat of fire, and also the rate of combustion per cubic foot of fur- 
nace per hour and the temperature variation of flame and gas in 
the combustion chamber and in each pass of boiler from burner 
to damper. 

From these tests it would appear that the transfer of heat by 
radiation to the boiler surfaces controls the temperature of gases. 
The quantity of combustible that can be burned without slagging 
in tubes is proportional to the amount of tube furnace exposed to 
the fire and is influenced by temperature at which the ash will 
become liquid. (J. Gould Coutant, Mem. A.S.M.E., in Combus- 
tion, vol. 12, no. 3, March, 1925, pp. 191-192, 2 figs., e) 


Evaporative Tests at River Rouge 


Resuts of five tests conducted at the River Rouge plant of 
the Ford Motor Company on boiler No. 1, one of eight 2647-hp. 
Ladd water-tube boilers using pulverized coal. The tests were 
made for sustained boiler loads up to 285 per cent of normal rating 
and were run to determine the combined efficiency of the furnace, 
boiler, and superheater when pulverized coal was the fuel. The 
original article describes how the tests were made and gives the 
data and results obtained. The efficiencies obtained ranged from 
77.8 to as high as 82.2 per cent, and a claim is made in the original 
article that the data from which these tests were computed are 
of such accuracy that the efficiencies reported are probably correct 
to within plus or minus 1 per cent. The actual evaporation per 
pound of fuel as fired varied from 8.22 to 8.74 lb., the lower figures 
both for efficiency and for actual evaporation belonging to the 
lower per cent of boiler rating (150.4) and the higher figures to 
the higher per cent of boiler rating (285.9). 

Because of the readiness of the ash to fuse it was found difficult 
to operate the furnace of boiler No. 1 with low excess air. No 
provisions exist for cooling the solid walls, which in places are 
more than 2 ft. thick, nor are there any water screens in the fur- 
naces. At ratings below 200 per cent the large cross-section of 
the large furnace caused the gas velocities through the furnace 
to be low so that the furnace walls were, in a manner, subjected 
to soaking heats. The heat-storage capacity of the thick walls 
was large, and because of their thickness radiation from their 
outer surfaces did not help much in cooling them. Consequently 
when once the ash on the walls became fluid and dripping was immi- 
nent, only bold changes in the furnace draft, that is, bold increases 
of excess air, were effective in preventing or stopping the dripping. 
Attempts to run with high CO, resulted in serious dripping of the 
walls, and in test No. 1 the slag for a short period became fluid 
enough to flow out through the ashpit doors. After freezing over 
the doors this slag could be removed from without, and it was not 
necessary to shut down the test. 

During test No. 2 the arches, which were made up of large blocks, 
showed signs of cracking and spalling. The sharp corners of the 
nose tile were especially subject to cracking. During test No. 3, 
after about 30 hr. of operation the spalling of the east arch had pro- 
gressed so far that part of a flat arch tile just forward of the large 
steel girder from which the arch is hung and just north of the center 
of the arch fell into the furnace and exposed the girder to radiation 
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from the furnace. Two hours of exposure caused part of the steel 
girder mentioned to assume a cherry-red heat. To prevent any 
possible damage to this girder the test was closed after it had pro- 
gressed 32 hr. (Power Plant Engineering, vol. 29, no. 5, Mar. 1, 
1925, pp. 275-278, 3 figs., e) 


Steam Generation under Critical Conditions 


THe paper here abstracted endeavors to give the essential prin- 
ciples of the Benson process of generating steam under critical 
conditions and its utilization at very high pressures and tempera- 
tures of superheat. Brief particulars of the process were given 
in MECHANICAL ENGINEERING, vol. 46, no. 5, May, 1924, p. 288. 

The first plant erected consisted essentially of a very long coil of 
steel tubing '/,; in. thick and */, in. bore, arranged vertically be- 
tween an inner and outer casing of refractory material. The coils 
were about 8 ft. high, and at the top of these coils which formed the 
actual generator were the subsidiary coils for superheating; the 
whole arrangement was approximately 17 ft. in height and 7 ft. in 
diameter and was heated from the top by means of an oil blast. 
Distilled water was passed in continuously at the bottom from a 
gear-driven force pump operating at 3200 lb. pressure per sq. in. 
The water traveled upward through the coil and was gradually 
heated, until finally, within about 10 per cent of the discharge end, 
it reached 706 deg. fahr., the volume being then about three times 
that of water at 60 deg. fahr. The pressure was of course all the 
time at 3200 lb. because of the pump, and the whole mass of the 
water was then quietly converted into steam at the same volume 
without ebullition and the absorption of any latent heat. In the 
remaining 10 per cent of the coil the steam was slightly superheated 
to about 720 deg. fahr. The steam was then discharged through 
a special reducing valve and the pressure lowered, the temperature 
falling to about 620 deg. fahr. and the steam going to a superheater 
so that the final pressure of the steam was 1500 Ib. per sq. in. and 
the temperature approximately 790 deg. fahr., i.e., about 195 
deg. fahr. of superheat at the given pressure. 

While the advantages of very high steam pressures have been 
well known for a long time, their extended use has been prevented 
mainly by constructional troubles, chiefly because of ebullition 
caused by latent-heat absorption, the main difficulty being that 
of building the boiler, this difficulty being due to latent heat and 
the sudden and violent conversion of a small volume of liquid 
water into a very large volume of steam. Benson, however, has 
solved the problem by going right up to the critical conditions of 
pressure and temperature and converting water into steam at 
the same volume, without the absorption of any latent heat. 

The author points out that even at pressures extremely high 
but below those used by Benson a difficult situation exists, as, e.g., 
at 2000 lb. gage pressure the latent heat is still approximately 
480 B.t.u., just over half that at atmospheric pressure, which is 
sufficient because of ebullition to make the coil or tube boiler an 
impossible proposition. 

The original design of the proposed experimental layout for 
Rugby, England, was reproduced in P. W. Swain’s article in Power, 
May 22 and 29, 1924, in which the first description of the Benson 
generator was given. The purpose of the Rugby plant was to 
find out whether steam could be generated on a large scale at the 
critical conditions. To operate commercially with this steam a 
turbine is required to work at 20,000 to 25,000 r.p.m. with steam 
at 1500 lb. per sq. in. and, say, 850 deg. fahr. temperature, and a 
higher pressure may possibly be employed. There are no special 
engineering difficulties in the way of constructing such a turbine 
today. In the tests at Rugby on Feb. 18, 1924, the installation 
was operated for 6 hr. at the critical conditions, water at the rate 
of 8000 Ib. per hr. at 3200 lb. pressure per sq. in. being passed 
through. It is claimed that the Benson plant at 1500 lb. and 
850 deg. superheat will give an efficiency of about 30 to 32'/. per cent, 
and that a higher efficiency can be obtained by operating at 2000 
lb. or over with several stages of reheating. The steam-generation 
efficiency is claimed to be very high and may easily reach 95 per 
cent, because of the intense localized flame used with little excess 
of air over the theoretical, almost negligible, radiation losses from 
the casing and the low temperature of the final exit gases after 
passing the heater. 

As regards the auxiliary power required for pumping the feed- 
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water and operating the oil blast (gas or pulverized fuel would, 
however, do equally well), the figure corresponds to approxi- 
mately 6 per cent of the steam generated. The danger of the high 
pressure can be regarded as negligible, because of the small water 
content. (The rate of insurance is no more than for the average 
steam plant.) It is claimed that the capital cost of the complete 
installation will be considerably less than the present ordinary 
high-pressure steam plant. (David Brownlie, Mem. A.S.M.E., 
in a paper read at the joint meeting of the Institution of Chemical 
Engineers and the Chemical Engineering Group of the Society of 
Chemical Industry, Feb. 11, 1925; abstracted through Chemistry 
and Industry, vol. 44, no. 9, Feb. 27, 1925, pp. 213-219, 2 figs., d) 


The Brunler Subaqueous-Combustion Boiler 


ALL steam-boiler constructions now in use (with the exception 
of the electrically heated boiler) are based on the idea of producing 
heat on one side of a good conductor and endeavoring to transmit 
as much of this heat as possible through the partition to the steam- 
generating liquid. Of course large heat losses are unavoidable in 
this process. From this point of view the boiler described by Oscar 
Brunler in a paper before the recent meeting of the Institution of 
Chemical Engineers and the Chemical Engineering Group in London 
(February 11, 1925) is a wide departure in design. 

The Brunler boiler was originally worked out by Oscar Brunler, 
Sr., the father of the author of the paper, many years ago, and was 
described in MECHANICAL ENGINEERING, vol. 36, 1914, p. 053-055. 

The fuel (crude oil, ete.) and the air which is necessary for com- 
bustion are supplied to the burner under a pressure which barely 
exceeds the pressure of the steam. Before starting, the connection 
valve is closed, and the water level in the generator must not be 
above the lower mouth of the burner. The cover of the ignition 
lamp is removed after heating the fireclay lining of the ignition 
lamp, and the oil and air ignite on the fireclay lining. The cover 
is then pulled down again, and the flame of the ignition lamp makes 
its way to the burner. After a few minutes the main burner is hot 
enough, and the main regulating valve is opened and the flame 
burns in the generator. The connecting valve to the water reservoir 
is now opened and the water in the generator rises up to the middle 
of the burner. The flame which is burning quietly in the water can 
be observed through the peepholes in the generator. By means 
of the superheater, which consists of a small burner similar to the 
ignition lamp, its flame burning in the steam reservoir, the steam 
can be superheated to any required degree. The size of the flame 
and consequently the quantity of steam is regulated by means of 
the regulating valve; at the same time the ratio of oil and air is 
kept constant. By turning a wheel the size of the flame can be 
regulated without changing the air-fuel ratio. Therefore it is not 
possible that the combustion can be altered through mistakes of 
the stoker. The temperature in the center of she flame is approxi- 
mately 1800 deg. cent. This temperature diminishes to the periph- 
ery of the flame, so that between the center of the flame and the 
periphery a rapid fall of temperature takes place. Since a perma- 
nent stream of burning gas has to pass through this fall of tempera- 
ture, it is evident that the last traces of carbon monoxide must be 
converted into carbonic acid. In effecting the combustion in such 
a way the possibility is insured of burning the fuel more completely 
than in the open air. The combustion under pressure brings the 
molecules of the fuel into better contact with the oxygen, therefore 
under pressure and in water the most complete combustion can b« 
obtained. 

Whether the boiler can be applied for power generation econom- 
ically is still a question. It is not suitable for use with large tur- 
bines, because of the excessive amount of non-condensable gase= 
mixed with the steam, which would make the operation of con- 
densers difficult and uneconomical. Where, however, the purpose 
is concentration of liquids or chemical solutions, the Brunler system: 
may find application. The original paper gives cost calculation= 
which would indicate that it can be employed quite economically 
for certain purposes. 

It is stated by the author that in practice in certain cases there 
was obtained an efficiency of more than 100 per cent. This would 
indicate that there was either an error in the determination of the 
calorific value or in calculations, which is not likely, however, be- 
cause it is claimed that the experiments were carried out with great 
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care. If so, there must be some kind of latent energy that is set 
free during combustion which is not utilized in ordinary boilers. 
In an earlier publication (Zeitschrift fiir Dampfkessel und Mas- 
chinenbetrieb, Jan. 9, 1914) it was stated that one pound of tar oil 
produced the evaporation of 20 to 21 lb. of water, and in some cases 
as high as 24 lb. of water from a solution of tungstic acid, where the 
theoretically possible evaporation is only 14 lb. This was ascribed 
to the chemical action of ultra-violet rays produced in the flame, 
which in an ordinary flame would be kept back from the water by 
the screening action of the metal wall. Fig. 6 shows the Brunler 
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Fic. 6 ELevaTion oF THE BRUNLER SuBAQUEOUS-COMBUSTION BOILER 
INSTALLATION SHOWING ONE STEAM GENERATOR IN CROSS-SECTION 


plant diagrammatically. (The Chemical Age, vol. 12, no. 296, Feb. 
14, 1925, pp. 150-151, and Power, vol. 61, no. 10, March 10, 
pp. 379-380, 2 figs., d) 


RAILROAD ENGINEERING 
Turbo-Generators for Train Control 


Prior to the advent of train control, signal engineers had little 
or no reason to concern themselves with any of the equipment 
which goes on the locomotive. It is quite natural for one now to 
direct his attention to the turbo-generator furnishing power for 
locomotive lighting and which is rightfully regarded as the proper 
course of current supply for train control. The locomotive turbo- 
generator is called upon to operate under all kinds of weather 
conditions and must successfully withstand the severe shocks 
imparted to it from the locomotive. It has constant speed and 
voltage over a wide range of steam pressures. The speed can be 
kept within two per cent of the rated speed from no load to full 
load. The loading in lamps ordinarily found on the locomotive 
is about 375 to 425 watts. The cab load is with few or no excep- 
tions connected directly across the generator terminals. 

It is commonly supposed that the headlighting turbo-generator 
is run only at night when the headlight is required. Such is not 
the case, for with the increased size of locomotives and the multi- 
plicity of gages, etc. in the cab the engineman finds it necessary 
today to have the generator running to furnish light in the cab, 
even in the daytime. An average of the time that the headlight 
turbo-generator is in operation will exceed 75 per cent of the time 
the locomotive is in operation. The utilization of the turbo- 
generator the extra part of the time will not add appreciably to 
the cost of operation or maintenance. 

In addition to close voltage control there is another require- 
ment being imposed by the continuous induction types of train 
control. That is, that the voltage wave shall be entirely free 
from any pulsation or alterations, since any such irregularities will 
result in loading up the vacuum tubes used to amplify the cur- 
rents picked up by induction from the “track” and “loop” cir- 
cuits. The major part of these irregularities experienced from the 
turbo-generator in conjunction with the continuous induction de- 
vices has not been due to inherent defects in the turbo-generator 
equipment, but rather to disorders which creep in as a result of 
operating conditions such as excessive vibration, poor brush fits 
or surfacing, worn bearings, etc. Designs of equipment are under 
way, however, and will be soon available which will not only be 


MECHANICAL ENGINEERING 359 


free from all such irregularities but of such a nature as to insure 
against any changes due to operating conditions and common 
maintenance practices. 

Years of development and progress with well-established main- 
tenance forces on every railroad operating staff make the turbo- 
generator a unit which should assist and never retard the most 
progressive and interesting art that has ever been made part of 
railroad practice—automatie train control. (Paper by J. J. 
Kennedy, Elec. Engr. of the Pyle National ©o., before the Annual 
Convention of the Signal Section of the American Railway Associa- 
tion, Chicago, March 12 and 13, 1925; abstracted through Railway 
Age, vol. 78, no. 16, Mar. 21, 1925, pp. 789-790, g) 


Gasoline-Driven Cars with Hydraulic Transmission on Swiss 
Federal Railroads 

Two types of such cars have been installed on Swiss railroads: 
one with gasoline motors of 100 hp. and the other with Diesel- 
electric drive of 250 hp. The present article deals in particular 
with the gasoline-driven cars, of which again there are two types: 
one with the usual hand-operated gear drive, and the other with 
a hydraulic-operated drive. This latter has been developed by 
the Swiss Locomotive and Engine Works in Winterthur and is 
different from what is known as hydraulic transmission in this 
country. The engine power is delivered by the drive from the 
crankshaft and is transmitted to the driving axle through a set of 
spur gears, there being facilities for obtaining four speeds. With 
an engine speed of 1000 r.p.m. this gives road speeds of 10, 17, 30, 
and 50 km. (6.2, 10.5, 18.6 and 31 miles) per hour. All the gear 
wheels of the change drive are in mesh all the time. The wheels 
of the secondary shaft of the change drive are equipped on the 
inside with metal friction clutches operated by oil pressure. This 
latter is controlled by the driver, who can cut in and out any of 
these clutches. When the clutch controlling one of the speeds is 
let in the clutch controlling the preceding speed is automatically 
released. From this it would appear that the transmission is 
really an ordinary gear transmission, but inside of the hand- 
operated gear shift is employed a system of hydraulically controlled 
engagements. No constructional details are shown in this article, 
but some of these were described in a preceding article, August 
10, 1924, p. 86. (Dr. F. Cristen, Engr. of the Swiss Federal Rail- 
roads in Schweizerische Bauzeitung, vol. 85, no. 9, Feb. 28, 1925, 
pp. 115-117, 9 figs., d) 


Wear of Rails 


IN A RECENTLY published book Ch. Frémont, a well-known 
French metallurgist, takes up the subject of the wear of rails. The 
general impression is that the harder the steel the less the wear. 
Frémont shows, however, that this is not always so, and that the 
softer and apparently weaker rail may give better results. The 
usual method of measuring the strength is to divide the final break- 
ing stress by the initial cross-section of the metal. Frémont claims 
that the proper way of measuring the strength of materials as 
applied to rails is to determine what he calls “final strength” in 
tension, which is the breaking stress divided by the rail section at 
the time of rupture, i.e., the section produced as a result of the 
reduction of area. He cites examples where an extra soft steel 
showing a conventional final strength of 37.7 kg. per sq. im. 
(53,600 lb. per sq. in.) gave a final tensile strength as determined 
by him of 111.4 kg. per sq. mm. (157,800 lb. per sq. in.), while a 
semi-hard rail steel with a conventional breaking strength of 74 kg. 
per sq. mm. (105,200 lb. per sq. in.) gave a “final” breaking stress 
of 85 kg. per sq. mm. (120,800 lb. per sq. in.). 

Frémont proceeds next to the consideration of causes that pro- 
duce wear on rails. He dismisses the hypothesis proposed by 
Snellus in 1882 to the effect that wear on rails is produced by 
abrasion with the observation that it would be admissible provided 
it could be proved that the rolling of train wheels over the rail 
produces actual separation of particles of metals, which is not true 
except in certain unusual cases. 

The hypothesis of J. E. Howard that wear of rails is due also to 
cold rolling is not accepted by Frémont, who points out that cold 
rolling would produce the principal deformation in the longitudinal 
direction of the rail, while actually the rail is deformed laterally. 

According to Frémont, a rail is a beam supported along its length 
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at certain equidistant points. When the wheel load is applied to 
the rail it bends in a certain direction and bends back into its orig- 
inal shape when the wheel passes over one of the supports. Owing 
to these alternating bendings, the head and base of the rail alter- 
nately undergo vigorous compressions, of short duration and vary- 
ing with the spacing of the supports and velocity of the movement, 
but on the average being of the order of '/2 to '/3 of a second 
from one flexure to another. 

Tests carried out by Frémont indicate that had these stresses 
been of a static nature, they would be well within the limit of elas- 
ticity of a rail material made of soft steel. The stresses would have 
been static if the wheel rolling over the rail had a very slow speed. 
Actually, however, it does not; on the contrary, it runs at a very 
high speed, and the duration of the contact of the wheel with the 
point of the rail is extremely short, of the order of '/2500 of a second 
for a velocity of 72 km. (44.7 miles) per hr. 

The violent and rapid contact produced by the horizontal dis- 
placement of the wheel over the rail is of the nature of a blow similar 
to one that would be produced if a weight such as a hammer fell on 
the rail vertically. The layer of steel at the surface of the rail, 
being suddenly compressed, does not have sufficient time to trans- 
mit the stress to the underlying layers and is constrained to absorb 
by itself very nearly the entire amount of the dynamic work that it 
has received. It is important, therefore, to bear in mind that the 
pressure produced at the point of contact of the wheel and rail is a 
dynamic action, with the velocity of impact increasing with the 
speed of the movement of the train. It was found whenever metal 
was subjected to hammering that there was a certain amount of 
inertia, which produced a compression of the layer immediately 
under the hammer and lying between the hammer and the layers 
beneath the one being hammered. As in hammering, the de- 
formation takes place transversely to the longitudinal axis of the 
rail, because in this direction it encounters much less opposition to 
deformation than it would in the longitudinal direction. The con- 
clusion to which the author comes, therefore, is that the normal 
wear of the rail is a result of an inertia phenomenon, and as a method 
of decreasing this wear it is suggested that a much softer metal be 
used than is done today. (Ch. Frémont in No. 69 of his series of 
Etudes Experimentales de Technologie Industrielle, abstracted through 
Bulletin Technique de la Suisse Romande, vol. 51, no. 5, Feb. 28, 
1925, pp. 49-53, 8 figs., et) 


Steam Motor Cars for a Porto Rican Railroad 


DeEscriPTION of new units delivered by the Baldwin Locomotive 
Works for service on lines of the American Railroad of Porto 
Rico, which proved to be so economical in operation that a fare 
reduction was effected and three more units were ordered. 

The cars were designed with sufficient power capacity to enable 
the handling of a trailer car. The cars themselves are of steel 
construction with a seating capacity of 46 persons and are electri- 
cally lighted. The engine compartment is separated from the 
passenger section by a fireproof partition. 

A locomotive-type boiler with 262 sq. ft. of evaporative heating 
surface, 35 sq. ft. of superheating surface, and a grate area of 6.75 
sq. ft. furnishes ample steam to the engines for all operating con- 
ditions which may be required, including that o occasionally 
handling a trailer car. A saddle tank of 400 gal. capacity located 
over the boiler contains the fuel-oil supply. The engine, which 
is of the two-cylinder simple type, is built into the drive truck as 


a unit. This truck has six wheels, four of which are driving wheels. 


The cylinders are 9 in. bore by 12 in. stroke and are of the piston- 
valve type, steam distribution being effected by means of a Wal- 
schaerts valve gear. The entire stock is arranged to swivel on a 
center plate and is equipped with roller side bearings similar to 
those used on a passenger-car truck. The steam supply line is 
fitted with flexible joints and the exhaust line is equipped with 
joints of the ball and slip type. The flexible joints in both these 
lines are packed with asbestos. A speed indicator and recorder 
is attached by means of a driving-wheel mechanism, and a dial 
located in the engine compartment indicates the running speed 
together with the air-brake main reservoir pressure. This speed 
indicator and recorder provides a graphic record as well as visual 
indications. The opposite end of the motor car is supported on a 
four-whee! passenger-car truck. Both the driving and the rear 
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trucks are equipped with Westinghouse air brakes. Standard 
M.C.B. couplers and iron pilots are provided on both ends of the 
ear. (Railway Age, vol. 78, no. 16, March 21, 1925, pp. 793-794, 
illustrated, d) 


REFRIGERATION 
Recent Developments in Refrigeration Research in England 


AN ARTICLE based on the work of the Engineering Committee 
of the Food Investigation Board in England and dealing with a 
number of separate investigations. 

One of the subjects investigated was convection currents and 
their bearing on the question of the best density of packing. From 
the investigation it would appear that the function of such insulat- 
ing materials as granulated cork, charcoal, or slag wool when 
properly applied is to subdivide the air space into such minute 
cells that convection, though not entirely prevented, is greatly 
reduced and ceases to be important. 

Loosely packed fibrous materials and ordinary granular materials 
do not entirely suppress convection, consequently the relation 
between the thermal conductivity and the density of packing is a 
function of the dimensions of the test specimen. 

As a result of the investigations it was found that: 

1 For densities of packing greater than 13 lb. per cu. ft. all 
three sets of apparatus seem to give the same relation between 
density and conductivity. 

2 The relation referred to is approximately a straight line, 
which, if produced to cut the vertical axis, points to a conductivity 
of the order of 0.00008 corresponding to zero density of packing. 

3 For densities less than 13 lb. per cu. ft. the 12-in. apparatus 
follows the above-mentioned line, except for a slight upward 
tendency at the lower end, which indicates the probability of a 
minimum of conductivity below 5 lb. per cu. ft. 

4 The 20-in. apparatus shows a minimum of conductivity at 
8 lb. or 9 lb. per cu. ft., with a small difference in the values accord- 
ing to whether the layer under test is vertical or horizontal. 

5 The 60-in. apparatus in all three positions gives higher 
minima of conductivity than the 20-in. apparatus, the minimum 
for the vertical position being considerably higher than that for 
the horizontal positions, which do not differ greatly among them- 
selves. 

The following recommendations were also made as to the oper- 
ation of condensers in refrigeration: (1) To purge condensers from 
the bottom instead of the top, and to make all connections to and 
from condensers, free from traps; (2) To equip the condenser with 
some means whereby the non-condensable gases can be kept from 
lodging in the condensing zone; (3) When the liquid leaving the 
condensers is found to be sub-cooled, to take this as an indication 
that the condenser contains a non-condensable gas; (4) To keep 
a daily record of the power required to drive the ammonia com- 
pressor, separate from all other power used. (Dr. Ezer Griffiths 
in Proceedings of The British Cold Storage and Ice Association, vol. 
21, no. 1, 1924-1925, pp. 37-56, e) 


STEAM ENGINEERING 
Steam Table for Low Pressures 


IN CONNECTION with the work in the evaporator laboratory of 
the Evaporator Experiment Station at Ann Arbor, Mich., of whicl: 
the author is director, tables were compiled to cover the range from 
90 to 1100 mm. mercury absolute pressure, corresponding to 4 
temperature range from 49.5 to 110.7 deg. cent. (121.1 to 230.9 
deg. fahr.). The latent heat in kilogram-calories is given in the 
table under the corresponding temperature. (W. L. Badger in 
Chemical and Metallurgical Engineering, vol. 32, no. 5, Feb. 2. 
1925, p. 197, 1 table, ¢) 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as c comparative; 
d descriptive; e experimental; g general; A historical; m mathe- 
matical; p practical; s statistical; ¢ theoretical. Articles of especial 
merit are rated A by the reviewer. Opinions expressed are those 
of the reviewer, not of the Society. 
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Pan-American Standardization Conference 


HE organization of some form of a national standardizing 

body in each of the American republics was one of the formal 
proposals of the first official Pan-American Conference on standard- 
ization held from December 23 last to January 6 in Lima, Peru, 
according to a report to the American Engineering Standards 
Committee by Albert W. Whitney, who served as chairman of the 
U. S. Government. delegation. 

Mr. Whitney reported that standardization is not yet developed 
in any of the Latin-American countries on an organized basis, 
and it was the belief of the conference that the subject would play 
an important part in the future of these countries, first, in making 
more efficient and expediting their industrial organization, second, 
in simplifying and clarifying international trade, and third, and 
most important, the development of better methods of producing 
and marketing their products. 

The recommendations of the conference, which was an official 
body representing thirteen countries, were made to the Inter- 
American High Commission and to the twenty-one American 
republics represented on it. Provision was made for holding the 
next conference, either two or three years hence, in the United 
States. 

The following is an abstract of certain recommendations made 
by the conference. 


First: It is recommended that the American countries enter into a 
convention containing the following essential points: 

(a) An agreement to provide for continuous study and to secure the 
establishment of common standards and nomenclature, uniform quality 
bases, simplified classifications, and standard specifications for raw ma- 
terials and industrial products. 

(6) To carry out this agreement the several countries will bind them- 
selves to establish within their respective jurisdictions, one or more organi- 
zations, which may be under the administration of the government or under 
private administration, or under an administration composed of both govern- 
mental and private elements, as may seem best to each of the states signa- 
tories of the convention. 

(c) The organization of organizations which may be established in each 
country will constitute national centers for the investigation and study of 
theories relating to this subject; they will establish methods of test, will be 
charged with the custody of accepted standards, and will either serve as 
intermediary itself or will maintain a close contact with the national organi- 
zation serving as intermediary for the international exchange of ideas and 
experiences in this field. 

(d) The aforesaid organization, whether governmental, private, or 
mixed, should comply with certain prescriptions and regulations, including 
the following: 

1 The maintenance of an adequate personnel 

2 Measures to obtain adequate coéperation and to consult representa- 
tives of all interests and enterprises in their country, in the estab- 
lishment of national standards 

3 The obligations of publishing or having published the methods of 
procedure followed, the results obtained, and any other informa- 
tion which may be of interest. 

(e) In order to maintain Inter-American communication in this subject 
and to secure the establishment of Inter-American Standards, the Inter- 
American High Commission, through the National Section of each country 
and the Central Executive Council, is charged with the receiving and dis- 
tributing of information relating to the work done in each country; the 
Commission will direct or perform such studies as it may believe advisable, 
will draw up proposals, and will take all necessary measures within its 
sphere of action to promote the establishment of Inter-American Standards. 

(f) The nations will bind themselves to increase the technical and 
other personnel of their respective sections of the Inter-American High 
Commission, if this be necessary, in order that no economic obstacles may 
be encountered in this work. 

Second: It is recommended that the Inter-American High Commis- 
sion study and draft, the convention referred to in the previous resolution, 
redacting it in such form as may be most suitable to realize speedily the 
aims of these resolutions. 

Third: Until the foregoing convention has been drafted and signed by 
the nations of America, it is recommended that the Inter-American High 
Commission work for the adoption within each country of measures in 
accordance with the proposed convention. 

Fourth: It is recommended that the Inter-American High Commission 
undertake the gradual compilation of a vocabulary or list of standard 
scientific terms, in Spanish, Portuguese, English and French, and that all 
hations make such arrangements as may be necessary to coéperate in this 
work, 
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Fifth: In connection with the uniformity of weights and measures it is 
recommended: 

(a) That this subject be entrusted to a committee for study and report 
at the next conference. The Inter-American High Commission is charged 
with the appointment of this Commission, upon which all American coun- 
tries should be necessarily represented. 

(6) That the units of weights and measures used in the various countries 
tend toward the metric system and that the new specifications, and any modi- 
fications which may be made in those now in existence, be expressed in 
C.G.S. units. 

(c) That in catalogs and industrial and technical literature, where 
weights and measures of other systems are used, these should be accom- 
panied so far as possible by their equivalents in the metric decimal system. 

Sixth: It is recommended that there be held a Second Pan-American 
Conference on the Uniformity of Specifications within a period of not more 
than three years, in the United States of America, and in the city and at 
the time which the Inter-American High Commission may designate. 


Recommended Practice for the Painting of Foundry 
Patterns 


CCORDING to a Bulletin issued to sustaining members of 

the A.I°.8.C., a Joint Committee on Pattern Standardization, 
consisting of representatives from the following organizations, has 
brought in recommendations for standard practice for painting 
of patterns: 
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American Foundrymen’s Association 

American Institute of Mining and Metallurgical Engineers 
American Malleable Castings Association 

American Society for Testing Materials 

Foundry Equipment Manufacturers’ Association 

National Association of Pattern Manufacturers 

National Association of Purchasing Agents 

Steel Founders’ Society 


The Committee’s recommended practice, adopted in October, 
1924, is as follows: 


Surfaces to be left unfinished are to be painted black. 
machined are to be painted red. 
stripes on a yellow background. 
are to be painted yellow. 
stripes on a yellow base. 


Surfaces to be 
Seats of and for loose pieces are to be red 
Core prints and seats for loose core prints 
Stop-offs are to be indicated by diagonal black 


The chairman of the Committee is Mr. E. S. Carman of the 
Osborn Manufacturing Company of Cleveland, who is a past- 
president of The American Society of Mechanical Engineers. 

It is planned to develop a set of flasks of standard ranges of size, 
and recommended standard details, each to fit a standard size 
and design of pattern plate for use in connection with the roll-over 
type of molding machine. 

It is thought that the results of the activities of the Joint Com- 
mittee will be of especial value in shops doing miscellaneous work, 
in avoiding the making of new flask equipment when the molding 
machine is used. 


Valve Standardization Postponed 


HE American Engineering Standards Committee announces 

that it has decided to postpone indefinitely the conference 
on the standardization of valves, which has been under discussion 
during the past two years. The postponement is taken as the re- 
sult of a request to this effect by the Manufacturers’ Standardiza- 
tion Society of the Valves and Fittings Industry. 

The subject of valve standardization originated with the American 
Engineering Standards Committee in a formal request by the Pan- 
ama Canal in 1922. Since that time there has been a considerable 
volume of correspondence in regard to the matter; for example, 
in reply to a questionnaire sent to members of professional divisions 
of The American Society of Mechanical Engineers requesting sug- 
gestions of subjects for simplification, standardization and simpli- 
fication of valves was one of the items most often proposed. Prac- 
tically all of the proposals have included the standardization of 
face-to-face dimensions in order to insure interchangeability of 
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different makes of valves in pipe lines, and to make it possible, for 
example, to lay out pipe installations without the necessity of de- 
termining beforehand what make of valve is to be used. 

The action in postponing the conference is in accordance with the 
announced policy of the American Engineering Standards Com- 
mittee that it will not act as an initiating body, and that it under- 
takes work on a project only upon a formal request by a responsible 
body and then only after the Committee has assured itself that it 
is the consensus of industry that it is desirable that the work 
should go forward. 


Standardization of Transmission Chains and 
Sprockets 


HE Joint Committee on the Standardization of Transmission 

Chains and Sprockets, which contains representatives of the 
Society of Automotive Engineers, The American Society of Me- 
chanical Engineers, and the American Gear Manufacturers’ Asso- 
ciation, has recommended that its personnel be increased and its 
work be broadened into that of a regular sectional committee under 
the procedure of the American Engineering Standards Committee, 
functioning under the joint sponsorship of the three above-named 
organizations. This recommendation has been approved by the 
American Engineering Standards Committee. The scope of the 
project which the societies will carry forward under the regular 
sectional committee organization has been tentatively drafted as 
follows: Formulation of American standards for transmission roller 
chains and sprockets teeth based on the standards already adopted 
by the Society of Automotive Engineers, The American Society of 
Mechanical Engineers, and the American Gear Manufacturers’ 
Association; and the study of the possibilities of standardizing the 
so-called “silent” type of transmission chains and sprockets. 


District of Columbia Adopts National Fire-Hose 
Threads 


HE work of rethreading to the National (American) Standard 
all fire hydrants and hose fittings in the District of Columbia 
has recently been completed. 

It is gratifying to note the progress that is being made in this 
field of standardization. The National Board of Fire Underwriters 
and the Bureau of Standards are glad to give assistance by the loan 
of rethreading tools, and by giving demonstrations of their proper 
use, whenever such service is practicable. 


Standardization of Threads Used on Valves of 
Compressed-Gas Cylinders 


ON account of the importance of the ready refilling of cylinders 

for storing compressed gas, the U. S. War Department has 
requested the American Engineering Standards Committee to 
undertake the unification of threads used on the valves fitted to 
such cylinders. ; 

The Department points out that probably very little incon- 
venience is caused where cylinders are used locally and always 
returned to the same company for refilling, but that “in the case 
of the War Department it is sometimes necessary to send these 
cylinders to points far distant from the plants of the company from 
which they were originally secured. Refilling is then a matter of 
considerable inconvenience, and it has been necessary in some cases 
to furnish special adapters for refilling.” _The letter goes on to 
suggest that there are probably a number of commercial companies 
whose operations cover a wide geographical area, which also ex- 
perience the same difficulty in the refilling of their compressed-gas 
cylinders. 

It is interesting to note that there are at present eight sizes of 
valve outlets for hydrogen cylinders, ranging from 0.8125 to 0.904 
in., at least five sizes for carbonic gas cylinders, four for acetylene, 
and three for nitrogen. 

Another matter of standardization suggested in this same con- 
nection is the safety precaution of using left-hand threads for 
cylinders containing inflammable gases, and right-hand threads 
for non-inflammable gases. A number of gas manufacturers have 
tried to put this plan into actual practice, but it is not yet universal. 
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Standardization in the Petroleum Industry 


HE American Petroleum Institute has just issued two stand- 
ards, as follows: No. 3-1924, Dimensional Standards of 
Cable Drilling Tool Joints; and No. 5-1924, Specifications for 
Steel and Iron Pipe for Oil Country Tubular Goods. No. 3 in- 
cludes a detailed dimensional standardization of the tool joints, 
including the questions of tolerances, basic thread form, pitch and 
taper of thread, recommended practice in turning of threads, 
marking of joints, and gaging. No. 5 covers lap-welded and seam- 
less steel and iron tubular goods for oil-country purposes, covering 
line, drill, and drive pipe, casing and tubing, including specifications 
on method of manufacture, chemical properties and tests, physical 
properties and tests, standard weights and variations therefrom, 
workmanship and finish, methods of gaging and tolerances on gages 
with reference to the American Standard Pipe Thread; and in- 
spection and rejection. The standard includes diagrams showing 
the essential dimensions of sizes of casing from 4°/, in. to 24'/» in. 
The Institute has provided for the use of an official monogram 
by manufacturers making or selling articles in conformity with 
A.P.I. specifications. Arrangement is made for the issuance of 
a certificate of authority by the general secretary of the Institute, 
permitting the use of the official monogram for this purpose. 


Standardization of Manhole Frames and Covers 


As THE result of a request from the Division of Simplified 
Practice, a sectional committee on the standardization of 
manhole frames and covers is being organized under the procedure 
of the American Engineering Standards Committee. The Tele- 
phone Group, consisting of the Bell Telephone System and the 
U. 8. Independent Telephone Association, are acting as sponsors 
for the undertaking, and the American Society of Civil Engineers 
has been invited to associate itself in the work as joint sponsor. 
The Sectional Committee will contain representatives of the utility 
associations and other organizations interested in the subject. 

As the result of a preliminary survey through extensive corre- 
spondence and a preliminary conference of interested organizations, 
the Division of Simplified Practice developed the fact that the 
need for simplification or standardization of practice was widely 
recognized. For example: One foundry company found that it 
is now manufacturing 140 types of circular frames and covers, in 
addition to many square and rectangular types, a condition re- 
quiring the carrying of a stock of 2000 patterns and involving an 
extraordinarily high seasonal variation in output. 

These conditions bring out with striking clearness one of the 
important advantages of standardization, which is that it stabilizes 
production and employment by broadening the possible market, 
and by making it safe for the manufacturer to accumulate stock 
during periods of slack orders to an extent which would not be safe 
with an unstandardized product. 


An Economic Basis for Sizes 


A SYSTEM by which size series of all sorts of standards may 

be established according to a sound scientifie principle is 
under consideration by a committee recently appointed by the 
American Engineering Standards Committee to study the possi- 
bilities of similar systems which are enlisting the interest of many 
engineers of the industrial countries of Europe, particularly in the 
mechanical and electrical engineering fields. 

These series, which are called “preferred numbers,’ seek to pro- 
vide a consistent, systematic basis for sizes, capacities, and ratings 
by setting up a series in which each number is a definite and uniform 
percentage larger than the one preceding it. Thus, 10, 16, 25, 40, 
64, 100, 160, 250, 400, etc., where each size is about 60 per cent 
larger than the preceding, is a series of such preferred numbers. 
These same numbers might be used for the widest variety of ar- 
ticles. 

The subject is presented and discussed in detail in various papers 
and reprints which can be obtained from the A.E.S.C. Some of 
these treat the subject from the popular point of view, and others 
from the more scientific viewpoint of the standardization expert. 

C. E. Skinner, assistant director of engineering of the Westing- 
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house Elec. & Mfg. Co., and now chairman of the A.E.S.C., is 
chairman of the Preferred Numbers Committee and K. H. Condit, 
editor of American Machinist, is vice-chairman. 

A working sub-committee, under the chairmanship ‘of L. P. 
Alford, editor of Management and Administration, will take up the 
study of the theory of size-standardization systems and the prin- 
ciples of geometric series, giving due consideration to the psychologic 
and economic questions involved in the development of a practical 
preferred-numbers scheme applying to items of engineering equip- 
ment and tools, and will make general recommendations regarding 
the methods to be used in putting such series to work, which will 
ultimately be proposed for general adoption in American engi- 
neering and industry. 
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The members of this working committee are Messrs. L. P. Alford, 
Chairman (Society of Industrial Engineers), L. A. Hazeltine (In- 
stitute of Radio Engineers), F. T. Llewellyn (Am.Soc.C.E.), 
C. T. Myers (S.A.E.), Walter I. Slichter (Columbia University), 
and F. R. Still (A.S.M.E.). 

It is hoped that the conclusions reached by this group will enable 
the General Preferred Numbers Committee to proceed without 
delay in making available to American industry this important 
tool of the standardization engineer in the form of a science of size 
standardization. The A.E.S.C. has available for the information 
of those interested, a reprint giving the specific problems and studies 
that have been assigned to the several members of the working 
committee. 














: CoN TRIBUTIONS to the Correspondence Department of ‘* Mechanical 


Engineering’’ are solicited. Contributions particularly welcomed are 
discussions of papers published in this journal, brief articles of current 
interest to mechanical engineers, or comments from members of The 
American Society of Mechanical Engineers on articles or policies of the 
Society in Research and Standardization. 


The Need for Cheaper Hardness Tests 
To THE EpiTor: 

Mr. Whittemore in his letter published on page 223 of MEcHAN- 
ICAL ENGINEERING for March states a long-felt need for a rapid, 
accurate, hardness tester on production work. He states further: 
“Tf an image of the impression magnified many times could be pro- 
jected on a ground-glass screen having a suitable scale, the measure- 
ments would be more easily made.”’ 


We have had the difficulty mentioned by Mr. Whittemore, in 
getting accurate readings with the usual depth and width methods 

















Fic. 1 PxorocrapH oF BALL IMPRESSION WITH SCALE 
MARKED THEREON 


for Brinell hardness, and are now making such readings by means 
about the same as suggested in the above paragraph. Our proced- 
ure is as follows: 

The steel samples are quickly smoothed on a disk (No. 00 emery 
cloth) and the Brinell impression is made with a Hultgren-type ball 
at 3000 kg. They are then placed in succession on the horizontal 
stage of a metallurgical microscope with strong illumination. 


The image of the Brinell impression is projected to the ground glass 
at a definite bellows extension, and the diameter is read on crossed 
scales attached to the ground glass, readings being taken vertically 
and horizontally to allow for any slight distortion, and the average 
used. The scales were prepared by placing an accurate millimeter 
rule on the stage and marking the projected millimeter lines on the 
ground glass. Millimeters are divided into tenths, and further, if 
required. 

In place of the ground glass, the image may be projected on a 
suitably marked screen. 

We find this method of reading accurate and rapid, and attended 
by no eye strain. 

The accompanying illustration (Fig. 1) is reproduced from a 
photograph of an impression on high-speed steel. To illustrate the 
method described, an approximate scale has been drawn on the 
print. Owing to poor illumination, one side of the print is not very 
distinct, but the actual image on the ground glass is sufficiently 
sharp for accurate readings. 

Epwin K. Smiru.! 

Birmingham, Ala 


Critical Pressures in Lubricating-Oil Films 
To THE Eprror: 

The pendulum feature of Mr. Linsley’s testing machine? which 
insures no displacement of the center of gravity with change in 
load is, in the writer’s opinion, the only true method of designing 
bearing-testing apparatus. This method is similar to that of 
Martens. The defect in the machine used by the author lies in 
the fact that pressure is applied to the top and bottom halves of 
the bearing simultaneously. This never occurs in practice. The 
machine designed by P. L. Irwin in the Westinghouse Research 
Laboratory overcomes this defect while still retaining the pendulum 
feature. A second point of criticism of the apparatus is the sraall 
size of the bearing used, namely, 2 in. diameter. Since such 
data are to be applied to large bearings, it is unfortunate that this 
experimental bearing was not at least 31/: to 4 in. in diameter. 

With regard to the results obtained, it is interesting to note that 
the values of the critical bearing pressures are much higher than 
was previously believed possible. It must be observed, however, 
that our previous knowledge of this phenomenon was based largely 
on the results obtained by R. H. Moore. These again were ob- 
tained on an even smaller bearing, namely, 1.289 in. in diameter 
and 1'/, in. long. The results obtained by the author seem to 
invalidate those obtained by Moore. Probably these latter results 
were influenced to a great degree by metallic particles breaking off 
and being carried round by the oil, thereby establishing electrical 
contact. This belief is strengthened when it is known that Moore 
did not seem to make any provision for filtering the oil, but used 
the same oil continuously. Moreover, the fact that no perceptible 





1 Research Engineer Stockham Pipe and Fittings Co. 
2 See MECHANICAL ENGINEERING, vol. 97, no. 2, February, 1925, p. 110. 
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rise in bearing temperature was observed after the film was broken 
down, may support this argument. On the other hand, in justice 
to this previous investigator it should be noted that the maximum 
pressure observed was 85 lb. per sq. in. at a velocity of 140 ft. per 
min. These conditions are far removed from those obtained in 
the present paper, and the interpolation shown in Fig. 5 of Mr. 
Linsley’s complete paper, therefore, does not appear justifiable. 
With regard to Nicolson’s equation this was based on Sommer- 
feld’s work. The relation P = 40 (dN) '/* was deduced by him on 
the assumption that the bearing was running cool and without 
wear, and was, moreover, limited to speeds of 450 ft. per min. 
Since wear does actually occur in service, and since bearings do 
not always run cool, we can conclude that Nicolson’s results are 
conservative. The value of the constant on the right-hand side 
of the above equation will be subject to modification, depending on 
the type of bearing employed. 
J. M. Lessg.ts.! 


Equipment Used for Aerial Surveying 


To THE Epiror: 

The article entitled Equipment Used for Aerial Surveying in 
the March issue of MECHANICAL ENGINEERING is very interesting, 
since it describes the operations of some of the automatic cameras 
used in aerial photographing. It is obvious that much difficulty 
must have been encountered in their development, and those 
responsible are to be commended for the dependable mechanical 
operation of such cameras. 

However, so much has been written about aerial cameras and 
their mechanisms that one might believe the camera to be the 
most difficult instrument to produce of all those used in the making 
of aerial surveys. As a matter of fact, maps were made from photo- 
graphs by European army officers more than 70 years ago, and the 
same scientific principles were used as are applied today, as well as 
the same method of determining the projection of the lens axis 
on the photograph. Therefore the great improvements in the 
present cameras are in the mechanical parts which automatically 
feed and expose the pictures. The need for these changes is due 
to the use of the airplane as a vehicle. 

In the early photographic surveys, cameras were set at stations 
of high elevation very much the same as were transits. The angles 
of the photographic planes were predetermined relative to each 
other and to the vertical planes containing the base lines between 
their stations. This method contained no unknown quantities 
in respect to the position of the photographic plane such as exist 
in the pictures taken in airplanes. However, considering the 
speed at which pictures can be made in an airplane and that the 
views are practically horizontal, it is obvious that the new method 
is vastly superior. 

Unless the views are horizontal or are reprojected to the hori- 
zontal and corrections are made for errors due to ground-elevation 
changes, accurate maps cannot be made from them. The joining 
together of a series of horizontal pictures, no matter how accurately, 
does not constitute an accurate map, as each photograph will 
contain errors in scale due to ground relief. 

Mr. Robinson calls attention to the stereocomparator, the 
autocartograph, and the stereoplanigraph made by European 
companies and also mentions “domestic devices’ which he says 
will put in 20-ft. contours. Perhaps “American” would better 
designate these domestic instruments. The European companies 
and the American company responsible for the development of 
their mapping instruments consider the camera the least difficult 
of all the problems involved in map making. The precision parts 
of a camera are fixed and its total weight rarely exceeds 75 lb., 
whereas some of the instruments used for mapping after the photo- 
graphs are made weigh several thousand pounds and all of the 
moving parts must be constructed to permit of the most precise 
measuring. On the American meachines one-half thousandth of 
an inch can be measured with the greatest speed and ease. 

The tilt, which is the unknown angle of the plane of projection 
at the time of exposure and is mentioned by the author as the 
bugbear, is the most serious problem met in aerial surveying. 





1 Engr., Research Laboratory, Westinghouse Elec..& Mfg. Co., East 
Pittsburgh, Pa. 


Mem. A.S.M.E. 
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Since 1916 the writer has been interested in the development of 
instruments for use in aerial mapping, and since the beginning the 
problem of solving the tilt angle of each plate has been the most 
difficult. The European companies and especially the American 
company made exhaustive experiments with the gyroscope as a 
means of stabilizing the camera axis in the vertical or to record 
the angle of tilt, but the results obtained were not within the 
necessary limits. The use of the gyroscope was abandoned by the 
American company as it is believed that due to the disturbing 
forces introduced by the airplane the gyroscopic principles will 
not permit of sufficiently accurate solution. When it is considered 
that a tilt of 5 min. may give an error of about 15 ft. in the ground 
elevation determined directly from a photograph, the needs of 
solving the tilt angle can be readily understood. 

It is the writer’s understanding that the European companies 
no longer use the gyroscopic principle to find the tilt angle. They 
have made extensive studies of the angle solution by the three- 
point method, but he has been informed that none of them have 
contracted to make maps by a process of drawing the contours 
directly from photographs taken in an airplane. His own experi- 
ence with the three-point problem has been that with the mechani- 
cal measuring instruments available it was not possible to reduce 
the tilt angle to an amount required for accurate mapping. 

The company responsible for the development of American 
instruments uses an entirely different method of angle correction 
and its process of making maps approaches the theoretical prin- 
ciples by methods that differ from those used by other concerns. 
The development of the process and the instruments used therein 
has taken about eight years, and, including the cost of making 
the instruments, several hundred thousand dollars were expended 
before reaching the stage where it could produce maps with con- 
tours drawn directly from the photographs. It is believed that 
the American company is the first to produce maps, at contract 
prices, which contain contours drawn directly from photographs. 
It is a fact that no others in the United States have produced such 
aerophotographic maps. 

The drawing of the contours requires the most precise measur- 
ing, but it is easily accomplished with surprising speed by the me- 
chanical instruments and no guesswork nor interpolation is neces- 
sary as in the method of using the stereoscope shown in Fig. 7 of 
Mr. Robinson’s paper. 

Epwarp H. Caaitt.! 

Philadelphia, Pa. 


Steel Bridges 


HE following specifications for steel bridges are before the 
American Engineering Standards Committee: 
General Specifications for Steel Railway Bridges 
Specification for Movable Railway Bridge 
Specifications for Design and Construction of Steel Railway 
Bridge Superstructure 
Specifications for Design and Construction of Steel Highway 
Bridge Superstructure. 
The first two were submitted by the American Railway Engineer- 
ing Association and the last two by the American Society of Civil 
Engineers. These specifications were referred to a Special Com- 
mittee for recommendation containing representatives of the 
various organizations interested in railway and highway bridge- 
work. 
At a meeting of the A.E.S.C. Executive Committee on January 
8 the following recommendation was approved:—That work on 
highway bridges should be allowed to develop further before at- 
tempting national standardization through a sectional committee. 


A Correction 


On page 275 of the April issue of MecHanicaL ENGINEERING 
there was published a discussion by E. J. Flather on the Applica- 
tion of Engineering Principles to Economic Problems in the Textile 
Industry. The Mr. Flather who took part in the discussion was 
Frederick A. Flather, treasurer and manager of the Boott Mills 
Boston, Mass., and not E. J. Flather. 





Ch. 


} Mem. 
A.S.M.E. 


ngr., Arthur Brook, Jr., Too! and Manufacturing Works. 











Test Code for Refrigerating Systems 


Tentative Draft of a Code in the Series of Nineteen Being Formulated by the A.S.M.E. Committee 
on Power Test Codes 


HE Test Code for Refrigerating Systems has been developed by a 

Joint Committee composed of representatives of The American 
Society of Refrigerating Engineers and The American Society of Me- 
chanical Engineers, under the chairmanship of Prof. R. M. Anderson. 
The other members of this Committee are L. Block, N. H. Hiller, G. A. 
Horne, F. E. Matthews,' E. F. Miller, P. Neff, T. S. Shipley, and 
G. T. Voorhees.” 

The Committee on Power Test Codes was reorganized in 1918 by the 
Council of The American Society of Mechanical Engineers to revise 
and enlarge the Power Test Codes of the Society published in 1915. This 
committee consists of a Main Committee of twenty-five members, having 
for its chairman Fred R. Low, Past-President, and nineteen Individual 
Committees of specialists, who are drafting test codes for the various prime 
movers and auxiliary apparatus which constitute power-plant equipment. 

Suggestions for corrections and additions to this test code will be wel- 
comed by the Committee and the cooperating societies from those who are 
especially interested in the manufacture, use, and testing of refrigerating 
systems. These comments should be addressed to the Chairman of the 
Committee, in care of The American Society of Mechanical Engineers, 


29 West 39th Street, New York, N. Y. 


INTRODUCTION 


1 The Test Code for Refrigerating Systems is intended for use 
in the determination of the performance of compression systems 
in which compressors of the reciprocating type are used as well as 
absorption machines. In so far as the fundamental operations 
of all the systems are in common, general rules will be laid down and 
where the systems differ separate rules will be given. For the 
test of the driving element in compression systems, the A.S.M.F. 
Power Test Codes for Steam Engines, Steam Turbines, Internal- 
Combustion Engines, ete. should be followed. 


OBJECTS 


2 In accordance with the ‘‘Code on General Instructions” the 


Nove: Messrs. Matthews and Voorhees have not signed this report but 
have requested the privilege of filing individual minority statements which 
are reproduced below. 

1 Frep E. Matruews. I submit the following minority report inasmuch 
as limiting the metering of refrigerant to the liquid phase may remove 
incentive to the development of methods for measuring such refrigerants 
in the vaporous phase, a procedure which I am convinced is not without its 
advantages. I wish to go on record as being opposed, for the time being 
at least, to the phraseology of Par. 20 of the Code and in favor of the term 
suitable meter not limited by the term liquid. 

2GarRDNER T. VoorneEes. It is with regret that I report that I feel 
that this proposed code is not proper for our industry. Briefly my reasons 
therefor are as follows: 

(1) It conflicts with the already adopted standard-ton ratings. 

(2) It depends on metering the liquid refrigerant, not yet proven to me 
to be reliable. 

(3) It depends on thermodynamic tables and usages that to my mind 
are open to question,—see my paper Thermodynamic Tables and Charts 
as printed in Ice and Refrigeration for January, 1925. 

(4) It is too verbose and lengthy, and not practical. 

(5) Simpler formulas more easily understood by the average man should 
be used. 

(6) Absorption-machine matters are not sufficient and yet are too 
lengthy in many respects. 

(7) Cooling-tower matters should not form any part of a preliminary 
code of this nature. 

(8) Such a code would do more harm than good in leading prospective 
testers to think that tests were beyond their capacity. 

(9) Exhibition of such a code to a plant owner would cause him to be 
seared out of making or allowing such test to be made at his plant because 
of its implied complexness and probable interference with his business. 

(10) Such a code should come after a completed standard-tonnage ampli- 
fication, for otherwise it will be bound to conflict and be at variance there- 
with and so, later on, have to be discarded and discredited. 

(11) The other constructive features of my minority report, not given 
above, are as follows: (a) Get out a brief practical code in harmony with 
standard-tonnage matters, touching the high spots only; (b) get this brief 
practical code actually used to find out if it fits and then make it fit and when 
required, amplify it; and (c) later on when we have outgrown it, get a 
larger code to fit our enlarged requirements. 


object of the test should be first determined and recorded. If 
the object relates to the fulfillment of a contract guarantee, an agree- 
ment should be made between the interested parties concerning 
all matters about which disputes may arise (see ‘“‘Code on General 
Instructions,” Par. 6), and a full statement of the agreement entered 
in the report of the test. 


MEASUREMENTS 


3 The principal measurements and quantities determined in 
a test are: 


(a) The quantity of the refrigerant circulated 

(b) The various temperatures of the refrigerant in the cycle 

(c) The various pressures of the refrigerant in the cycle 

(d) The energy required to operate the driving element and the various 
auxiliary apparatus 

(e) The various temperatures of condensing and cooling water 

(f) The quantity of condensing and cooling water 

(g) Quantity, quality, and pressure of steam used in the steam cylinder 
or generator 

(hk) Principal dimensions of driving element (see appropriate code) 

({) Quantity of oil passing through the compressor 

(7) Quantity of composition and density of brine used 

(k) Temperature of brine entering and leaving the evaporator 

(4) Quality of liquor used in absorption plants. 


INSTRUMENTS AND APPARATUS 


4 The instruments and apparatus necessary in carrying out the 
test are: 


(a) Suitable meter for measuring liquid refrigerant on the high or inter- 
mediate pressure side where same passes to the expansion coils of the brine 
cooler or elsewhere 


(b) Platform scales and suitable tanks for measuring water and condensed 
steam 


(c) Water meters, calibrated tanks or tank and platform scale for measur- 
ing condensing and cooling water 

(d) Pressure gages and vacuum manometers including a suitable U tube 
for mercury column to be connected at the low pressure suction of the com- 
pressor. It is recommended that this be used in all cases rather than a 
pressure or vacuum gage for suction pressures under 20 pounds gage 

(e) Calibrated thermometers and thermometer mercury wells of sufficient 
lengths to extend beyond the centers of the pipes. Thermometers used 
for taking temperatures of brine shall be graduated in 1/10 deg. fahr. and 
readings estimated to 1/100 deg. fahr. 

(f) Barometer and psychrometer when necessary 

(g) Revolution counter or other accurate speed measuring device 

(h) Graduated stroke indicator for direct acting pumps 

(4) Pienometer, Mohr-Westphal balance, or calibrated hydrometer for 
specific gravity of brine 

(j) Calorimeter for determining the quality of the steam 

(k) Steam and ammonia indicator 

(}) Planimeter 

(m)Dead weight gage tester 

(n) Appropriate instruments for measuring current consumption of motor- 
driven machines. 


The directions for the use, calibration and accuracy of the in- 
struments and apparatus enumerated above are given in the various 
sections of the ‘Code on Instruments and Apparatus.”’ 


PREPARATION 


5 Paragraphs 7 to 11 of the Code on General Instructions should 
be read, carefully studied and conformed to wherever they apply. 
The dimensions and the physical conditions of all parts of the 
plant essential to the object of the test should be accurately de- 
termined and carefully recorded. 

6 The dimensions of the compressor and engine cylinder and the 
pump plungers or cylinders should be accurately measured and re- 
corded in accordance with Paragraph 6 of the A.S.M.E. “Test 
Code for Reciprocating Steam Engines.” 

7 All measuring devices should be installed and in the case of 
the meters for measuring water or brine a means of calibrating by 
direct weighing or checking by calibrated tanks should be provided. 
The meter for measuring the liquid refrigerant shall be calibrated 
by means of a closed tank or receiver of known volume. This 
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volume should preferably be determined by weighing the water 
which fills the tank or receiver. In the ordinary plant a liquid re- 
ceiver may be used for this purpose. 

8 The thermometer wells should be of steel for ammonia lines, 
and bronze for brine lines, and should extend into the pipe a sufficient 
distance so that the bulb of the thermometer will extend at least to 
the center of the pipe. When comparisons of temperatures are 
being made it is extremely important that the immersion in the well 
should be identical in all cases. These wells should be filled with 
mercury to the point indicated on the stem of the thermometer. 
Insulation on the cold lines should extend even to the top of the 
well, and the thermometers pass through corks fitted to the wells 
and bored to accommodate the thermometers. The thermometer 
well must be placed at least 10 feet away from brine coolers or pumps 
so that the solution has uniform temperature where the readings 
are taken. Electric resistance thermometers or thermocouples 
may be used in taking temperatures of brine as a check on mercury 
thermometers. 

9 In testing a plant where the load is light a brine heater or 
a heater using waste condensing water flowing over the evaporating 
coils should be used. 

10 For ammonia a special steel indicator must be provided 
which has steel indicator cocks with short separate connections to 
the ends. The indicator should be provided with a stop so that 
a light spring may be used for studying suction conditions. 

11 In ammonia absorption systems the anhydrous ammonia 
should not contain over 3 per cent moisture. Samples should be 
drawn before and immediately after the test and determinations 
of moisture made. 


OPERATING CONDITIONS 


12 The operating conditions should conform to the object 
of the test and should prevail throughout the trial as pointed out 
in Par. 23 of the ‘Code on General Instructions.” An agree- 
ment should be reached as to which of the interested parties is to 
supply and install the brine heater, if necessary, and all other ap- 
paratus required for the tests. In commercial tests the allowable 
percentage of difference in the heat balance between the water and 
the liquid must be stated. 


STARTING AND STOPPING 


13 The plant should be operated a sufficient length of time 
prior to the starting of the test to insure uniformity of conditions 
and, when these conditions are obtained, the test should be started 
and continued as stated in Par. 14 of this code. It is essential to 
the accuracy of the test that all parts of the plant contain the 
same amount of heat estimated above some datum at the end as 
at the beginning of the test. To accomplish this all vessels con- 
taining liquid refrigerant should be supplied with suitable gage 
glasses so that the same quantity of fluid may be distributed alike 
at the beginning and end of the test and the quantities and tem- 
perature of the fluids in the various parts maintained as uniform as 
possible. 


DURATION 


14 The test should be continued over a period of time not less 
than eight hours. 

RECORDS 

15 The data should be taken and recorded in the manner pre- 
scribed in the “Code on General Instructions,” Pars. 24 to 35. 
Fifteen minute readings will be sufficient except where there is 
considerable fluctuation in the readings in which case more fre- 
quent readings must be taken to insure good averages. 

16 Each indicator card should be marked with the date, time 
of day, cylinder and end of cylinder, and identification mark and 
strength of indicator spring, as pointed out in the ‘Test Code for 
Reciprocating Steam Engines,” Par. 20. To assist in the uni- 
formity of operation a chart should be plotted during the test of 
the principal quantities including the estimated tonnage, as pointed 
out in Par. 39 of the “General Instructions.” 

17 The data and results should be tabulated in accordance with 
the form shown in the following tables, adding items not provided 
for and omitting items not needed to conform to the object in view. 
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Unless otherwise indicated the items refer to the numerical readings 
which are recorded in the log. 


CALCULATION OF RESULTS 


18 The now generally adopted recommendations of the Joint 
Committee of The American Society of Mechanical Engineers and 
American Society of Refrigerating Engineers on Standard Tonnage 
Basis for Refrigeration are as follows: 

a Astandard ton of refrigeration is 288,000 B.t.u. 

b The standard commercial ton of refrigeration is at the rate of 
200 B.t.u. per min. 

ce The standard rating of a refrigerating machine’ using lique- 
fiable vapor is the number of standard commercial tons of refrigera- 
tion it performs under adopted refrigerant pressures.? 

19 The capacity of the system shall be expressed in tons of re- 
frigeration per 24 hours as calculated from the weight of liquid re- 
frigerant and the amount of available cooling effect produced in the 
evaporator. This method shall be employed in the case of all re- 
frigerants where the physical properties have been determined and 
where tables of such properties are recognized as sufficiently ac- 
curate. The tables of thermodynamic properties employed shall 
be those adopted and published by The American Society of Re- 
frigerating Engineers. 

20 The weight of refrigerant circulated shall be determined by a 
suitable liquid meter as prescribed in the A.S.M.E. Code on Instru- 
ments and Apparatus. As an alternate method the weight of liquid 
refrigerant shall be calculated from the volume as obtained from a 
pair of calibrated receivers or by direct weighing. 

21 The amount of available refrigerating effect shall be the 
weight of refrigerant circulated per hour multiplied by the difference 
in heat content on entering and leaving the evaporator. Where 
there is more than one evaporator in which different pressures 
exist, the weight of refrigerant to each evaporator and the total 
heat from the vapor must be determined separately and the total 
refrigerating effect may then be computed by the following formula: 


Q. = W, (H. — he) 


where Q. = total refrigerating effect 
W. = weight of anhydrous refrigerant circulated in pounds 
per hour 
H, = total heat in the vapor leaving the evaporator 
h. = total heat in the liquid at the expansion valve. 


22 The refrigeration effect expressed in standard commercial 
tons of refrigeration is 
= Q. 

12,000 





R.E. 


23 Theoretical Horsepower Required to Compress Adiabatically. 
The work done in the cylinder of the compressor per pound of am- 
monia circulated expressed in thermal units may be found by re- 
ferring to either the Mollier Chart or the tables adopted and pub- 
lished by The American Society of Refrigerating Engineers. 


a (H. — Hi) x Wa x 773 
= 33,000 





hp. 


heat content of vapor after adiabatic compression 
heat content at compressor inlet 
weight of ammonia circulated, pounds per hour. 


where H, 
Hy 
Wa 
24 Gross or Brake Horse Power. See Test Code for Displace- 
ment Compressors and Blowers, Par. 13. 
25 Electrical Horsepower. See Test Code for Displacement 
Compressors and Blowers, Par. 14. 
26 Volumetric Efficiency. See Test Code for Displacement 
Compressors and Blowers, Par. 15. 


ll 





1A refrigerating machine is che compressor cylinder of the compression 
refrigerating system, or the absorber, liquor pump, and generator of the 
absorption refrigerating system. 

2 These pressures are measured outside and within 10 ft. of the refriger- 
ating machine, distances which are measured along the inlet and outlet pipes, 
respectively; (a) the inlet pressure being that which corresponds to a satura- 
tion temperature of 5 deg. fahr. (—15 deg. cent.) and (6) the outlet pressure 
being that which corresponds to a saturation temperature of 86 deg. fahr. 
(30 deg. cent.) 
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27 Mechanical Efficiency. Mechanical efficiency is the ratio 
of the indicated horsepower in the compressor cylinders to the 
indicated horsepower in the power cylinders in the case of a steam- 
driven or internal-combustion-driven compressor, and to the brake 
horsepower delivered to the shaft in the case of a motor-driven 
machine. 

28 Compression Efficiency. Compression efficiency is the 
ratio of work required to compress adiabatically all the vapor de- 
livered by the compressor to the work done within the compressor 
cylinder as shown by the indicator cards. 

29 Overall Efficiency. The method of computing the overall 
efficiency is described in the Test Code for Displacement Compres- 
sors and Blowers, Par. 18. 

30 Condenser Performance. The condenser is required to 
remove the total heat of the vapor drawn into the compressor 
plus the heat of compression. It is therefore incorrect to consider 
the removal of 12,000 B.t.u. per hour by the condensing water as 
equivalent to the standard commercial ton as produced in the evap- 
orator. The total heat removed by the condensing water shall be 
calculated from the observed data when the enclosed type of con- 
densers, either shell and tube or double pipe, are used. The total 
heat may also be calculated from the quantity of refrigerant cir- 
culated. In this case 


Q, = W.(H. — h.) 


where Q; = heat removed per hour 
H,. = heat content of vapor entering condenser 
he = heat content of liquid leaving condenser 
W, = weight of refrigerant condensed per hour. 


31 Determination of Heat Transfer in Condensers. The work 
done in the condenser may be divided into three stages: first, the 
removal of superheat; second, the liquefaction of the refrigerant; 
and third, the sub-cooling of the condensed liquid. It is therefore 
to be expected that the rate of heat transfer is not the same in all 
parts of the condenser. The logarithmic mean difference is based 
upon a constant temperature of liquefaction throughout the con- 
denser on the assumption that the heat transfer is uniform through- 
out the condenser. While the calculation of heat transfer per square 
foot of refrigerant surface per hour per degree of logarithmic mean 
difference does not give entirely satisfactory results, the determina- 
tion of heat transfer shall be calculated in this manner. 





Log. mean difference = wt 
log te ne bs 
“te— to 
where ft, = temperature of liquefaction corresponding to con- 
denser pressure 
t; = temperature incoming water 
t = temperature outgoing water. 


If a complete condenser test is to be made the Test Code for Con- 
densing Apparatus and the Code on Instruments and Apparatus 
should be carefully studied. 

32 Evaporator Performance. The evaporator performance shall 
be calculated from the observed data. In this case 


Q. = W.(H. — h.) 


in which 


Q. = heat removed per hour 

H, = heat content of vapor 

he = heat content of liquid entering expansion valve 
W. = weight of refrigerant entering evaporator in pounds 


per hour. 


33 Determination of Heat Transfer in Evaporator. (a) Brine 
Coolers. Brine-cooler performance shall be expressed in terms of 
heat transfer per square foot of cooling surface per hour per degree 
of logarithmic mean difference. 

ts wee te 
ti —t 
te — te 


Log. mean difference = 





log. 
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Il 


where to 
ts = 
te 


temperature of brine out of evaporator 
temperature of brine to evaporator 

temperature of vaporization corresponding to 
evaporator pressure. 


(b) The performance of ice tanks and all other forms of expan- 
sion coils or apparatus will not be specifically covered in this Code, 
which is intended to include the main items of the refrigerating 
cycle rather than the products of the cycle. 

34. Pump Horsepower. The water-horsepower output at ob- 
served total suction and discharge pressure is 


(Ib. of liquid per minute) X (total head in ft.) 
33,000 





W.hp. = 


The gross or brake horsepower input shall be observed for all 
pump-driving elements and the efficiencies calculated. 

35 Heat Balance. A heat balance shall be made of the re- 
frigerating cycle, of which the following is an illustration of all the 
items required in a compound-cycle compression system. Asa heat 
balance is impossible unless extreme care has been taken in making 
the measurements, it will be found necessary to have most accurate 
thermometers for observing the temperature of water on and off 
condensers as well as for taking temperature of brine. It is also 
necessary to have indicator cards taken at uniform intervals, at 
least every thirty minutes in order to determine the heat equivalent 
of work done in the compressor. 

36 The general formulas for heat balance are as follows: 

Compression Cycle: Q. + Qu = Qi + Qs 
Absorption Cycle: Q. + Q. = Qi + Q2 + Q; 


where Q, heat absorbed by evaporating refrigerant 


Q. = heat equivalent of work in compressor 

Q, = heat imparted by steam in generator 

Q, = heat rejected in condenser 

Q. = heat rejected in absorber 

Q; = heat rejected or radiated in addition to Q; and Qz. 


37 For purposes of illustration the following list of quantities 
involved in the computation of the heat balances of compound 
compression systems is given. 

Heat REJECTED 


Heat ABSORBED (B.t.u. per hour) 


a Heat rejected by hot surfaces of 
low-pressure compressor 

b Heat rejected from low-pressure 
discharge main between low- 
pressure compressor and inter- 
mediate vapor cooler 


a Heat absorbed in evaporator 

6 Heat entering evaporator insu- 
lation 

c Heat absorbed 
suction main 

d Heat absorbed 


in low-pressure 


in low-pressure 


suction trap c Heat rejected in intermediate 
e Heat equivalent of work done in vapor cooler 

compressor d Heat rejected to engine room by 
JS Heat absorbed from engine room intermediate vapor cooler 

through cold surface of low- e Heat rejected in discharge main 


from intermediate vapor cooler 
to intermediate liquid receiver 
Heat rejected by hot surfaces of 
high-pressure compressor 
Heat rejected by high-pressure 
discharge main and oil sepa- 
rator between machine and 


pressure compressor 
g Heat absorbed through surface of 
intermediate liquid receiver ¥ 
h Heat absorbed through surface of 
intermediate-pressureliquidline 4g 
i Heat absorbed from engine room 
through surface of high-pres- 


sure suction main condensers 
j Heat absorbed through cold sur- Ah Heat rejected in ammonia con- 
faces of high-pressure com- densers 
pressor i Heat rejected in liquid cooler 
k Heat absorbed or _ rejected 
through condenser shells 
l Heat absorbed or _ rejected 


through receivers 
m Heat absorbed or rejected in 
high-pressure liquid line. 


Data AND RESULTS 


38 Before writing the final report, Par. 20 of the ‘Code on 
General Instructions” should be carefully read. The data and re- 
sults should be reported in accordance with the forms given in 
Tables 1, 2, 3, and 4, adding lines for data not provided for or 
omitting those not required. Unless otherwise indicated, the 
items should be the averages of all observations. 
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A—COMPRESSION REFRIGERATING SYSTEMS 


TABLE 1 DATA AND RESULTS OF TEST ON POWER-DRIVEN 
REFRIGERATING UNIT 
GENERAL INFORMATION 
i sult er te vay cules es twee FOr Meee wawnues 
IS 22 5 Gd atnathceun & RD ale bea We ees ete eee 
SR irae hee pei gE a See ale wile raids Cog hit gie es oie 
(4) Builder.... ee a ae Lae ed See Ee ae eM ee en 
(5) Test conducted by. esata inti aeralirrales ae ochan 4 onan ealara a tetoka ane 
I es aa ca a ewe bnebacicak wees geet eben ve kals 
DESCRIPTION, DIMENSIONS OF COMPRESSOR, CONDENSER, Etc. 
(7) Type of compressor (single or multiple stage, and kind of re- 
I a  sicke wie ei ee aed SEH eee eEe ee 
en i re 
(9) Method of driving compressor...................... 
Se ee 
(11) Rated discharge pressure....................... Ib. per sq. in 
(12) Rated speed.. Pn Sats r.p.m. 
(13) Rated displacement. Lad 6a eaten ek aw neoee cu. ft. per min. 
(14) Rated output expressed in standard tons of refrigeration....... 
ee) I. oss oS wince uuu oes willbe awe «© ow ease amis 
Ist 2nd 
Inter- Inter- 
cooler cooler 
(16) Area of water-cooled surface....sq. ft. ........0 0 9 ceceeuue 
[st 2nd 
Stage Stage 
(17) Diameter of compressor cylinders...in. ........ 9. .....5. 
(18) Stroke of pistons................. ft. 
(19) Diameter of piston rods or tail rods in. 
(20) Clearance in terms of piston displace- 
Ps esse caweteneawe  Gauwedes ~ Sukorteb i 
Ist Stage 2nd Stage 
(a) Clearance, head end........ VSS Se ee fe ee 
(b) Clearance, crank end........ 
(c) Clearance, average. Se tice gta a 
(21) Cylinder ratio based on piston ‘displacement 
eT ee ere eee ee eee 
[IstStage 2nd Stage 
(22) Horsepower constant, cylinder: 
(a) Head end: (stroke X net pis- 
ton area + 33,000).......... 
(6) Crank end: (stroke X net pis- 
DP ics cme aeeeeuee -emieeieis-evw 
lst Stage 2nd Stage 
(23) Area of compressor cylinder jacketed 
Es 5a 06 ehh daeeense en gS Se oe ee 
(24) Length and cross-sectional area, intake 
ROS eng Sears S me cicdiees” . Qiidazes 
(25) Diameter of final discharge pipe....in. ........  ........ 
(Note: For description, dimensions, etc., of compressor-driving 
element, see Tables 2, 3 or 4.) 
rt a Bid 8 ie ah re Ne meen oe eee S 
(27) Area of condenser surface on refrigerant side............ aq. ft. 
(gy RRR aS SiS 5 PS a a 
(29) Area of evaporator surface on refrigerant side...........8q. ft 
od a Sua Scingg ed's oe e a.ke a a ase ORO Oe ae * 
(31) Size of water pumps, No. 1, No. 2............... gal. per min 
Be EEE eres ee ee ee 
(33) Size of brine pumps, No. 1, No. 2, No. 3......... gal. per min. 
ee ee eee ee a 
(35) Rated capacity of cooling tower.....................2.0000- 
(36) Type of liquid after cooler. . ; a nee 
(37) Cooling surface of liquid after cooler r sq. ft 
(38) Type of intermediate liquid cooler.....................2245- 
(39) Size of intermediate liquid cooler........ ee height 
GENERAL DaTa 
ee cee b bmhsee dau wivndab tan @eme ae 
(41) Specific gravity of brine used at 68 deg. fahr. compared with 
water at 39.1 deg. fahr.. 
Nn. onc aclte schema coviccoseese 
(43) Specific gravity of liquid refrigerant as measured............. 
(44) Kind of cooling water used (well, salt, river)................. 
(45) Specific gravity of cooling water..................00.00eeeee 
(46) Specific heat of cooling water.................cceeecececeees 
Test Data AnD REesutts 
Se SN icc occ eb eredesdccc eck ceeesecdsucwseee hr. 
Average Pressures 
ee CID, gcc cccccenccceresbcese in. of mercury 
(a) Corresponding absolute pressure...... in. of mercury 
(68) Pressure by mercury manometer at intake near cylin-......... 
| ee eee ae in. of mercury 
(a) Corresponding absolute pressure........ lb. per sq. in. 


(64) 


(65) 


(66) 


(67) 


(68) 


(69) 


(70) 


(71) 
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Ist Stage 

Pressure by gage in discharge pipe near 
WIS want eevee Ib. per sq. in. 

(a) Corresponding absolute pres- 
WG Ss ee i lb. per sq. in. 
Pressure in intercooler by gage....... 
i ance oes oMinatak aor Seen Ib. per sq. in. 
Corresponding absolute pres- 
SE ee apes lb. per sq. in. 
Condenser pressure by gage.......... 
Te oe lb. per oq. in. 
Corresponding absolute pres- 
EE Ib. per sq. in. 
Pressure in evaporator, by gage...... 
stot aneate heey eles lb. per sq. in. 

(a) Corresponding absolute pres- 
Sead asaset Ib. per sq. in. 


No. 1 


2nd Stage 


Pressure at inlet of cool- 
ing-water pumps by 
gage...lb. per sq. in. 

Pressure at outlet of cool- 
ing-water pumps by 
gage...lb. per sq. in. 

Pressure at inlet of brine 
pump by gage...... 
ee lb. per sq. in. 

Pressure at outlet of brine 
pump by gage...... 
ocwaeed Ib. per sq. in. 


Average Temperatures 


(76) 
(77) 
(78) 
(79) 


(SO) 


(SO0a) 


(81) 
(82) 
(83) 


(84) 
(85) 
(86) 
(87) 
(88) 
(89) 
(90) 
(91) 


(92) 


(93) 
(94) 
(95) 
(96) 
(97) 
(98) 
(99) 
(100) 
(101) 


. deg. fahr. 
deg. fahr. 
...deg. fahr. 
. .deg. fahr. 


Engine-room temperature. . . 
Condenser-room temperature. 
Temperature of outside air....... ne 
Temperature of wet bulb, outside air. 


Ist Stage 2nd Stage 
Temperature of vapor near intake (to 
be measured not more than two feet 
from the compressor inlet and show 
between 6 and 12 deg. of superheat). 
+ in OR te aeeas Wee aera deg. fahr. 
Temperature of vapor from evaporator 
(to be measured not more than two 
feet from outlet)... . deg. fahr. 
Temperature of vapor near discharge 
|” Se RET ene Pas deg. fahr. 
Temperature of vapor at inlet to inter- 
mediate vapor cooler... .deg. fahr. 
Temperature of vapor at outlet inter- 
mediate vapor cooler. ..deg. fahr. 


Total Quantities 


(107) 
(108) 


Temperature of liquid from condensers. . deg. fahr 
Temperature of liquid from liquid receivers deg. fahr 
Temperature of liquid from liquid cooler.......... ..deg. fahr 
Temperature of liquid from intermediate liquid cooler.deg. fahr. 
Temperature of liquid at measuring point. . deg. fahr. 
Temperature of jacket cooling water, inlet. . . .deg. fahr. 
Temperature of jacket cooling water, outlet..........deg. fahr. 
Temperature of cooling water, intermediate vapor 

IRS Sic ecu <> «e's & oe ness Mrdecinal cons . deg. fahr 
Temperature of cooling water, intermediate vapor 

ae ae TN ae Pee deg. fahr. 
Temperature of cooling water, liquid-cooler inlet deg. fahr 
Temperature of cooling water, liquid-cooier outlet deg. fahr 
Temperature of cooling water, condenser inlet. . deg. fahr. 
Temperature of cooling water, condenser outlet... .. .deg. fahr 
Temperature of water to cooling tower..............deg. fahr 
Temperature of water from cooling tower . . .deg. fahr. 
Temperature of brine, brine-cooler inlet. aS .deg. fahr 
Temperature of brine, brine-cooler outlet ...........deg. fahr 
Temperature range through brine coolers by electric 

resistance thermometer............. wecvce ee QQ. fahr 
Liquid delivered to evaporator...................... Ib 
IN oJ 1G), wtkle deste evs wp daiae ene gal. 


Unit Quantities 


(115) Liquid delivered to evaporator (Item 107 + Item 61) 

a ch lca ok al he Mana aot in an Rh Bi doth 3 ai Ib. per min. 
(116) Brine circulated (Item 108 + Item 61 X 60)...... gal. per min 
(117) Cooling water supplied to condensers............ gal. per min 

Ist Stage 2nd Stage 

(118) Cooling water supplied to jackets..... 

nrehss Oia ate ears 0 Betas 
(119) Cooling water supplied to intermediate vapor cooler 

sf CE RE ieee ¢ stat side ek On eE ls o.0'0e so: 8ee% gal. per min. 
(120) Cooling water supplied to liquid cooler........... gal. per min. 

Refrigerating Output 

(121) Available cooling effect (Q,) see Par. 21.............00000° . 
(122) (a) Tons of refrigeration produced (Item 121 + 200).......-. 
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Speed 
(126) 


(127) 
(128) 


Power 
(129) 


(130) 


(131) 


(132) 





(6) Tons of refrigeration, brine method as a check (Item 


116 X Item 101 X Item 41 X 8.33 X Item 42 + 200).... 


Total number of revolutions as shown by compressor counter. 

AP Ree rp. m. 
Revolutions per minute, Item 1: 26 - - (item 61 xX 60) 
Average piston speed... . 


Indicated horsepower of compressor cylinders, whole compressor 
Pee ee a a e Bare ecy) sues i-hp. 
Low-pressure cylinder or cylinder if single-stage: 
Crank end.. i.hp. 
Head end... i-hp. 
High-pressure cylinder: 
Rg. hod bu ka NO eich SS ee ee ee i-hp. 
re Soe ee eee eee «ee i.hp. 


Friction horsepower, Item 144 (Table 2), or Item 1 33 (Table 3) — 
Item 129. . ip. 


Power Input 


See Tables 2, 3 or 4 


Economy Results 


(145) 


(146) 
(147 


Efficiency 


Gross or brake waeenoel of compressor per ton of refrigeration 
TE ee ee er ee hp. 
Elec tric sal horse »power of compressor per ton oft refrigeration. . hp. 
Indicated horsepower of compressor per ton of re- 
frigeration (Item 129 + Item 122a)...... hp. 
Results 


Theoretical Horsepower Calculation: 


\ 
(a) 


Total heat contained in 1 lb. 


Ist Stage 2nd Stage 
vapor at 


ER a eae ee B.t.u 


Total heat contained in 1 lb. liquid en- 


tering expansion valve....... B.t.u. 
{c) Available latent heat per lb. of refrig- 
erant (Item a — Item b).......... 
(d) Work required to compress 1 Ib. re- 
frigerant adiabatically (see Mollier 
IN 5o dine eee ew nens B.t.u. 
Theoretical temperature of discharge 
vapor (See Mollier chart) deg. fahr. 
(f. Horsepower per ton for adiabatic com- 
Ee ee i.hp. 
(152) Total horsepower for adiabatic com- 
pression....... regia ata ue 
(153) Volumetric efficiency (see Par. 26). . 
(154) Compression efficiency (see Par. 28) . 
(155) Mechanical efficiency (see Par. 27)....................... 
(156) Overall efficiency (see Par. 29)... 
Condenser 
(157) Heat removed per minute by condensing water (see 
Par. 30) (Item 96 — Item 95) X Item 117 X 8.33......B.t.u 
(158) Heat removed as calculated from refrigerant con- 
densed as a check (see Par. 30)...................0.. 
(159) Heat removed per hour, Item 157 X 60.......... Bt. u. 
(160) Logarithmic mean temperature diff. in deg. fahr. (see Par. 31). 
(161) Coefficient of heat transfer: K = (Item 159 + Item 
Ae BI 6 255. SW one nce Ko Mika hoy Wartdikb de cies cuecim 
Evaporator 
(162) Heat removed per minute from brine.. B.t.u. 
(163) Heat removed per hour, Item 162 X 60.. B.t.u. 
(164) Logarithmic mean temperature diff. = deg. tahr. (see Par. 33). 
(165) C rr of heat transfer: 
= (Item 163 + Item 164 X Item 29).. ean 
seine Pumps: No. 1 No. 2 
(a) Brine Pumps 
(166) Gross or brake horsepower......................000. b.hp. 
(167) Water horsepower (see Par. 34)................ 00... cease hp. 
(168) Overall pump efficiency................. ccc cece eee per cent 
a 28s sade di Whelan. haart em wining b.hp. 
(170) Water horsepower (see Par. 34). <a 
Eee, Te i OE aio. he 6050 jawcennedseek so per cent 
TABLE 2 ADDITIONAL ITEMS APPLYING ONLY WHEN THE 
DRIVING ELEMENT IS AN ELECTRIC MOTOR 
DESCRIPTION, DIMENSIONS, ETC., OF COMPRESSOR Drive 
re I hg ie. 3. % icine nce aie ak oS ant aed ake aw a 
eh I SINS. «ne 6 0: 0.10.60: mums erase avo babemwnreauelw alee 
I edo Bi 5'S 5s wk 8 0 BC 4 OWS o EDAD O Ree eS 
0 ee er re ne ne ea: | 
OS ae se ere e e eT One Guinan 
NI 5 Sg GN nk i gi ha eo ean yl ee 
(53) Revolutions per minute GARR On et RTE FO es ee 
COR) RR GE Be OE GR a nono nicicin ccc vecwsdcwewe ccs wccws 
Re Woe cle vic aicin-n0- oe aes cae ee ee 
ES ee ae eee ee. Cl ee eee 
Power Input 
ee ee EEL SO a ee lees hee RS ae saree 


MECHANICAL ENGINEERING 


(134) 
(135) 
(136) 


(137) 
(138) 


(139) 
(140) 
(141) 
(142) 
(143) 
(144) 


TABLE 3 


DRIVING ELEMENT IS A 


Amperes per phase... 
i ee ar 


Rr i Re etch arcane ahe Wa abst oie Weenie eoccdus 
(a) Volts eight Mice OE sacle ona Lait Tae ot Ot dk 
I a a os Le ea 5 


Efficiency of exciter (from builder’s test).................. 
Horsepower input to driving motor (calculated from 

voltmeter, ammeter, and power-factor meter)......... hp. 
Horsepower input to driving motor by precision wattmeter. . 
Efficiency of driving motor (from builder’s test) 
Be coos erme ig. tare.sge eyed ooqetdsw oidiere arene hp. 
Horsepower output for exciter. . 
Net horsepower to drive exciter. 
Horsepower to drive compressor ¢ or r blowe or. 


ADDITIONAL ITEMS APPLYING ONLY WHEN THE 
STEAM ENGINE 


DESCRIPTION, DIMENSIONS, ETC., OF COMPRESSOR DRIVE 


(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 
( 54) 


(55) 


(56) 


(58) 
(59) 


(60) 


Type of engine (simple or multiple expansion or uniflow)...... 
pe. SR ee re eae 
Auxiliaries (steam or electric drive)......... 
Type and make of condenser equipment. . 

Rated capacity of condenser equipment. . iow 
Type of air pump, jacket pump, and reheater pump 


Average Pressures 


(72) 


(73) 


(74) 


(75) 


(direct or independently driven)......................5. 
Type of governing apparatus............. 
Ist Cyl. 2nd Cyl. 3rd Cyl. 
Diameter of steam cyl- 
inders...... ace as 
Stroke of pistons..... it. 
Clearance in terms of 
piston displacement, 
sweeiweiees . per cent 
(c) Clearance, crank 
eee ae i> 
(dq) Clearance, head 
See ee 
Horsepower constant, 
steam cylinder:..... : 
(a) Head end........ 
(b) Crank end....... 
Area of steam-cyl. jack- 
eted surface . seq. Ft. 
Area of interior surface 
Ce sq. ft. 
Steam cylinder ratio (overall): 
(a) 1st cylinder to 2nd cylinder.... 
(b) 2nd cylinder to 3rd cylinder................ 
Pressure above atmosphere in steam pipe near throttle, 
by gage. 5 chs ies sale a a Ae sc ae ae Ce eae Ib. per sq. in. 
(a) C orresponding absolute ee en lb. per sq. in. 
(b) Maximum pressure above atmosphere, steam- 
pipe diagram near throttle................ Ib. per sq. in. 
(c) Minimum pressure above atmosphere, steam- 
pipe diagram near throttle................lb. per sq. in. 
Ist cyl. 2nd cyl. 3rd cyl. 
Pressure in steam _ re- 


ceiver by gage........ 
.lb. per sq. in. 

Pressure j in exhaust pipe near engine by mercury 
GUNS Sh cdancdicnueh saciedtew en aikesee in. of mercury 
(a) Corresponding absolute pressure.......... lb. per aq. ir.. 
Pressure in jackets and reheater........ Ib. per sq. ia. 


Average Temperatures 


(102) 
(103) 
(104) 


(105) 
(106) 


.deg. fahr. 
deg. fahr. 


Temperature of steam near throttle........ 
Temperature of saturation at pressure near throttle. 
Temperature of steam leaving steam receiver, if su- 


Total Quantities 


(109) 
(110) 
(111) 
(112) 
(113) 
(114) 


Unit Quantities 


(123) 


(124) 
(125) 


perheated. . aR tach ee a pte) Sac A A ne tA deg. fahr. 
Temperature of steam in exhaust pipe as observed. . . : deg. fahr. 
Temperature of saturated steam in exhaust pipe cor- 

responding to pressure of exhaust in pipe.......... deg. fahr. 
Superheat, PIII bio 5050s as sed Suse eaten deg. fahr 
Moisture in steam. . per cent 
Total steam and water consumed by engine as s measured. > 
Total steam less water consumed................0.eceeee: Ib. 
Correction factor conforming to conditions agreed upon..... lb. 
Equivalent total steam consumed, conforming to conditions. .lb. 
Steam and water (or superheated steam) consumed per 

Ia ot nl ng ew ridin Ib. 
Steam less water (or superheated steam) consumed per hour. . |b. 
Equivalent conforming to conditions consumed per hour. .... lb. 


Power Input 


(172) 


Steam cylinder—Indicated horsepower developed, 
WENO Ns Babies 0a ss hae wsaaxmnmae t6 ek OR i.hp. 
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(173) 


(174) 


MECHANICAL ENGINEERING 


High-pressure steam cylinder, crank end................. i.hp. 
eT eee ree i.hp. 
Low-pressure steam cylinder, crank end........... -ihp. 
head end.................ihp. 


Economy Results 


(175) 
(176) 


(177 


(178) 


TABLE 4 


Steam less water (or superheated steam) consumed 


per Llip-hr. (Item 194 < Item 129)... ccc cece lb. 
Equivalent steam consumed per i.hp-hr. (Item 125 + 
TE a oe ee area «ae ware akin wales oa 4 Ib. 


Steam less water (or superheated steam) consumed per 
ton of refrigeration at intake pressure and tem- 
perature (Item 113 + tem 1220)... ... cc ccccccscccccs lb. 
Equivalent steam consumed per ton of refrigeration 
at intake pressure and temperature (Item 114 + 
ere 


ADDITIONAL ITEMS APPLYING ONLY WHEN THE 


— 
Y 


DRIVING ELEMENT IS AN INTERNAL-COMBUSTION ENGINE 


(The items of this table will be developed upon the completion of the 
Test Code for Internal-Combustion Engines.) 


B—ABSORPTION REFRIGERATING SYSTEMS 


TABLE 5 DATA AND RESULTS OF TEST ON ABSORPTION 
REFRIGERATING SYSTEMS 
GENERAL INFORMATION 
(1) Date of test 
nn I ge 2 os Ais 5 crank alge eee e ee ae 
(3) Owner. 
(4) Builder. 
(5) Test conducted by. RR ee 
ae) NE OIE eid se nacnaovenwenreeess 
DeEscrIPTION, DIMENSIONS, Etc. 
nD I ose 5 cae hg Gael Lae Mn b 4.0 wie caeRR a 
(8) Area of condenser surface on refrigerant side............sq. ft. 
I En ee ae eae ee eee 
(10) Area of evaporator surface on refrigerant side........... sq. ft. 
Coee Se IL, 5 o cas eewcwbdnadasiowwekibarcocveeseess 
No 1 No. 2 
(12) Rated capacity of water pumps...... 
ES: c.Jucenu!  -wWebavews 
(13) Ty pe of brine pumps. eee ee ee ee ee eee 
No. 1 No. 2 No. 3 
(14) Rated capacity of brine 
pumps... .gal. per min. a ee ee 
(15) Type of cooling tower. ...........cc0805- 
(16) Rated capacity of cooling tower....................... 
on ee rer eer aoa dal ee 
(18) Area of absorber surface on refrigerant side......... sq. ft. 
Ce I III sreielecice Wada ctedeeedes Ae eles eg a Aleta 
(20) Area of heating surface in generator..... Siwy We dws a 5 we es 
(21) Type of strong liquor pump. Petia ak aaa ee eer 
(22) Diameter of piston rod, liquor pump. pe tes birnions pce in. 
(23) Stroke of liquor pump. Pr eee occ Sia hie airal alas in. 
(24) Piston displacement of liquor pump. A ar cu. ft. 
(25) Type of rectifier. . eC eee rete Oe ies vaitakx his anaes 
(26) Cooling surface in rectifier. . a amiald  eiie te ee 
ea ade DS Gliels dininaix base ov dvlecueeoewhes 
(28) Cooling surface in exchanger..............ccccceeeces OQ, ft. 
GENERAL DaTa 
ee | aE i 6 le ole wanna a Ge a ebuh oe Rate ee wediee 
(30) Specific gravity of brine at 68 deg. fahr. compared with water 
en eR ee Is CELE eee ' 
a no aso a a eanee sa wth pe a 
(32) Specific gravity of liquid refrigerant as measured............. 
(83) Concentration of strong liquor..........cccccccc cece cccvcce 
(34) Concentration of weak liquor..............ccccccccccecsces 
Se I Ge MEE OP ISIE. oo oc ccc c cece coc eeciowecsncs 
Oe re 
(37) Specific gravity of cooling water.....................0005. : 
(38) Specific heat of cooling water.............-c0eccceeececeeees 
Test Data anp RESULTS 
ae Ee, a ne eee hr. 
Average Pressures 
I OCT TOT in. of mercury 
(a) Corresponding absolute pressure......... in. of mercury 
(41) Pressure in evaporator by gage................. lb. per sq. in. 
(42) Steam pressure in generator, by gage............ lb. per sq. in. 
(43) Pressure in absorber, by gage...................lb. per sq. in. 
(44) Pressure in condenser, by gage.... . lb. per sq. in. 
Average Temperatures 
(45) Engine-room temperature....................0000. deg. fahr. 
(46) Condenser-room temperature.......................deg. fahr. 
(47) Temperature of outside air......................005 deg. fahr. 
(48) Temperature of wet bulb. ....6... ccc cc cece deg. fahr. 
(49) Temperature of liquid from condensers.............. deg. fahr. 





(50) 
(51) 
(52) 


(53) 
(54) 
(55) 
(56) 
(57) 


(58) 
(59) 
(60) 
(61) 
(62) 
(63) 
(64) 
(65) 
(66) 
(67) 
(68) 
(69) 
(70) 
(71) 


Temperature of liquid from liquid receivers.......... deg. fahr. 
Temperature of liquid from liquid cooler. a 
Temperature of liquid at measuring point... ee: + * 
Temperature of water to cooling tower at measuring 

point. . SAN ied: RRR As OT MARE one eh ited deg. fahr. 
Te »mperature of water from cooling tower at measur- 

a ne 2S Parley rata. ae ee ere .deg. fahr. 
Temperature of brine, brine-cooler inlet at measuring 


NN he. S05 aio Cates SCORCH sie KANE OR MR ea eleanor sd deg. fahr. 
Temperature of brine, brine-cooler outlet at measur- 

I eta Se cei ie lt eh iB la ag espn oe a et ac deg. fahr. 
Temperature range through brine coolers by electric 

resistance thermometer...............cceceee0. .deg. fahr. 
Temperature of ammonia vapor, inlet to rectifier... ..deg. fahr. 
Temperature of ammonia vapor, outlet from rectifier. .deg. fahr. 
Temperature of weak liquor to weak-liquor cooler... .deg. fahr. 
Temperature of weak liquor from weak-liquor cooler. .deg. fahr. 
Temperature of water, inlet to weak-liquor cooler . .deg. fahr. 
Temperature of water, outlet from weak-liquor cooler. .deg. fahr. 
Temperature of weak liquor, inlet to absorber........ deg. fahr. 
Temperature of weak liquor, exit to generator........ deg. fahr. 
Temperature of strong liquor, inlet to exchanger......deg. fahr. 
Temperature of strong liquor, outlet from exchanger.. .deg. fahr. 
Temperature of condenser cooling water, inlet........ deg. fahr. 
Temperature of condenser cooling water, outlet.......deg. fahr 
Temperature of steam to generator............... .deg. fahr. 
Temperature of condensed steam from generator..... deg. fahr. 


Total Quantities 


(72) 
(73) 
(74) 
(75) 
(76) 


Liquid delivered to evaporator lb. 
Brine circulated. . lb. 
Strong liquor... lb. 
Weak liquor.... lb. 
Steam conde need i in gener: ator ; ‘ ; lb. 


Unit Quantities 


(77) 
(78) 
(79) 
(80) 
(81) 
(82) 


Liquid delivered to evaporator.................. lb. per min. 
I I sa ath wish te ear ota anual yo ANS gal. per min. 
Cooling water supplied to condensers............ gal. per min. 
Cooling water supplied to absorber............. gal. per min. 
Cooling water supplied to rectifier.............. gal. per min. 
Cooling water supplied to weak-liquor cooler......gal. per min. 


Refrigerating Output 


(83) 
(84) 
(85) 


Available cooling effect (Q,) (see Par. 21).......... 
Tons of refrigeration produced (Item 83 + 200)..... ab 
Tons of refrigeration produced, brine method as a check: 

(Item 78 X Item 57 X Item 30 X 8.33 X Item 31 + 200).... 


Economy Results 


(86) Tons of refrigeration per pound steam used in generator........ 
Generator 
(87) Heat imparted by steam per min. (Q,)..............05. B.t.u. 
(88) Heat imparted by steam per hour (Item 87 X 60).......B.t.u. 
(89) Logarithmic mean temperature difference............ deg. fahr. 
(90) Coefficient of heat transfer: K = (Item 88 + Item 89 
ey A ae GBS ce vk ecard 6 a eb oe en wk oe B.t.u. 
Condenser 
(91) Heat removed per minute by condensing, water (see 
Par. 30) (Item 68 — Item 69 X Item 79 X 8.33)..... B.t.u. 
(92) Heat removed as calculated from ie me | condenser 
as a check (see Par. 30).. se AD Ub pepe: SE eles a 
(93) Heat removed per hour ( (Item 91 x 60) iS Re SY 
(94) Logarithmic mean temperature diff. (see Par. 31)..... deg. fahr. 
(95) Coefficient of heat transfer: 
K = (Item 93 + Item 94 X Item 8).................B.t.u 
Evaporator 
(96) Heat removed per minute from brine................... B.t.u 
(97) Heat removed per hour (Item 96 X 60).................B.t.u. 
(98) Logarithmic mean temperature diff. (see Par. 33)..... deg. fahr. 
(99) Coefficient of heat transfer: 
K = (item 97 + Item 98 X Item 10).......2.cccccccccces 
Absorber 
(100) Heat removed by water per minute (Q,).. err = * s 
(101) Heat removed by water per hour, Item 100 x 60 autos oie B.t.u. 
(102) Logarithmic mean temperature diff................. deg. fahr. 
(103) Coefficient of heat transfer: 
K = (Item 101 + Item 102 X Item 18)..............B.t.u 
Strong Liquor Pump 
CHOG) Teiclonbed WONMOOWEE. . 0... ccc cc ct cc tecccce i.hp. 
Pn CU oo nae ce nee 6 cast «lew oe tater lb. per hr 
Brine Pumps 
(106) Gross or brake horsepower...............ccccccccccecs b. hp. 
(107) ‘Water horsepower Gee Par. 34)... ...... ccc ccc cccccccece hp. 
oe ee POPE ee ee eT ee ee per cent 
Water Pumps 
(106) Gross or brake horsepowe?. ... wc ccccccccscscccccccces b.hp. 
Ee Oe ee eee ere ee hp. 
i sm wl gneiam aueeatiae 
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Suggested Rules for the Care of Power Boilers 


For Presentation at a Public Hearing at the A.S.M.E. Spring Meeting in Milwaukee, Wis. 


T IS the request of the Committee that these proposed rules be Water Level......... C-20 to C-24 
fully and freely discussed so that it may be possible for any one ae — Priming. . aa 
to suggest changes before the rules are brought to final form and eiiaines Ween saa C27 
presented to the Council for approval. Discussions should be Blowing Down < C-28 to C-29 
mailed to C. W. Obert, Secretary of the Boiler Code Commit- Leaks.................. C-30 
tee, 29 West 39th St., New York, N. Y., in order that they may be Repairs... .......+++.+2++ — bs 
; ’ Removal of Soot and Ashes..... C-32 to C-34 


considered by the Boiler Code Committee. 
HANDLING BorLers Out oF SERVICE 
-35 


~ - 4 ‘ Cutting ae rome ea es rr Pe a 
A.S.M.E. Boiler Construction —— Bmtvinw..c cn 38 


( 
is ( 

re aes mate C-37 to C-43 
( 


Code — = 


II—RULES FOR OPERATING AND MAINTAINING BOILER 
. : - APPLIANCES 
Section \ II Steam Pressure Gage.. 


6 wera ee eee ee C-+45 to C-49 
Water Glass............. so oe C-50 to C-57 
PREAMBLE Feedwater Regulators ane C-58 
Fusible Plugs. : : pees C-59 
HESE rules, used in connection with steam boilers constructed in Safety Valves : a C-60 to C-71 
compliance with Section I of the A.S.M.E. Boiler Construction Code Blow-off Equipment. . C-72 to C-80 
and for operation at a steam pressure exceeding 15 lb. per sq. in. above DRG 8 Pe oe one oe oe eet ees C-81 to C-91 
atmospheric pressure, will lead to safety in the use of steam boilers. 
These rules are compiled to assist operators of steam boiler plants in ITI—RULES FOR INSPECTION 


maintaining their plants in as safe condition as possible, the subject of 
economy receiving only incidental consideration. 

The difficulty in formulating a set of rules that may be applied to all 
sizes and types of plants is recognized; therefore these rules are suggestive 
only and it may be advisable to depart from them in certain cases. 


LT EET ee C-92 to C-106 
External Inspection . tac C-107 to C-114 
Internal Inspection. SD gencn eta re tone a rE C-115 to C-121 
Furnace and Parts Exposed to Fire... C-122 to C-127 
Appurtenances. it ators , te : C-128 to C-130 
DESCRIPTION OF SECTIONS Care and Management... .. RSE Ona re ae C-131 to C-133 
IV—RULES FOR THE PREVENTION OF DIRECT CAUSES OF 
BOILER FAILURES 


I Rules for Routine Operation. These rules are elementary and govern 
the proper procedure in performing the ordinary duties of operating and 


‘ a ; OVERPRESSURE 
maintaining steam boilers. 


II Rules for Operating and Maintaining Boiler Appliances. These rules Indicators 
are also elementary in character and are classified to give collectively all Steam Pressure Gages... eee .  €-134 to C-140 
rules pertaining to any one boiler appliance, it being impracticable to in- Water Glass.......... . : C-141 to C-148 
clude some of these rules in Section I. Fusible Plugs......... ; C-149 

III Rules for Inspection. These rules apply only to those who are Relief Equipment 
responsible for the operation of boiler plants and must not be considered as ; Safety Valves.............. receeene ...  C-150 to C-166 
applying to the state, municipal, or insurance companies’ inspectors. Con- Feedwater Supply , ? 
sideration should be given to the importance of continual inspection as See Overheating—W eakening of Structure...... C-185 to C-209 
compared with periodical inspection. Excessive Combustion 

IV Rules for the Prevention of Direct Causes of Boiler Failures. These NE IN 55555 ia os dsc Se eaweReek C-167 to C-169 
rules are intended as a guide and assistance to those who desire to make Fuel Supply Regulation... . .....:. 6.6.6 neecnsee C-170 
a more comprehensive study of the care of steam boilers in service. Their Operation _ 
scope, including the entire boiler plant, is wider than that of Sections I and Manipulation of Valves........ a2 aac rooer saree C-171 


II. These rules are divided into two major subdivisions: Overpressure 
and Weakening of Structure. The rules on Overpressure deal with con- 
ditions which may cause boiler failure by subjecting the boiler to stresses 


WEAKENING OF STRUCTURE 
Overheating 


ae ae : on ; : : Wxceasive COMMBIOG .. 2.56... s ce cicsviccescns C-172 to C-174 
greater than those for which it was designed. The rules on Weakening of < Ree ee ER MRR Bo aiiene tte 
; oe ‘ : ; : Secondary Combustion and Flaming Through... C-175 to C-177 
Structure deal with conditions which may cause boiler failure by weakening : - . < oie of 
; : _ Localized and Uneven Heating................ C-178 to C-180 
the boiler structure to such an extent that it cannot withstand the stresses , , 20 . 
ae ade , Damper Regulation.............. eet eke C-181 to C-183 
for which it was designed. Scstichiies C-184 
V_ Partial Rules for Installation. These rules are not complete. They — eee ee ee one Pa 
treat with some conditions which are not encountered in the Rules for the Feedwater Supply 
Ay 4 Ps . Control of Water Supply... i ane ...  C-185 to C-190 
Construction of Power Boilers. ‘ , . ~ 
‘ : — : i ‘ Control of Water Level... 2... ic. ccc eee C-191 to C-200 
Appendix—Feedwater Analysis, Treatment, and Control. The Appendix : . N ¢ 
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Rules for the Care of Power Boilers 


I—Rules for Routine Operation 
PUTTING BOILERS IN SERVICE 
Getting Up Steam 

C-1. If the boiler is new or has been out of service for an extended 
period or has been opened for cleaning or repairs, examine the in- 
side of the boiler and make sure that it is free from tools and foreign 
matter and that there is no one in the boiler; then close the manhole 
openings. In case of a new boiler, boil out for a few hours by the 
method given in Par. C-42. 

C-2. See that the combustion chamber and gas passages are 
clean and in good repair, and that all clean-out doors in setting fit 
properly and are closed tight. 

C-3. Operate both inlet damper and outlet damper and make 
sure that they are free and in good condition. Leave the inlet and 
outlet dampers open. Operate the stoker and draft fan to see that 
they are ready for service. Make sure that the grates are satis- 
factory and in place. 

C-4. See that the blow-off valves, water column and water-glass 
drains, gage cocks, and feed valves are in good working condition 
and closed. Open a vent valve. 

C-5. Fill the boiler to such a level that the rise in level due to 
the steam generation will bring the water level to its normal position 
when full working pressure and flow of the steam have been reached. 
Close feed connections. Where auxiliary feed connections are in- 
stalled, they should be used in filling the boilers as a means of test- 
ing their condition. Open and close gage cocks and blow-down 
valves on water column, and water glass in order to make sure that 
these connections are free and clear. 

C-6. See that the cock to steam pressure gage is open. Examine 
the safety valves as far as practicable to see that they are in working 
order. 

C-7. Ease up on the stem of the main steam stop valve, slightly 
lifting the valve off the seat in order to make sure that the valve is 
not stuck. 

C-8. If coal is used as fuel, cover the grate with a thin layer of 
coal and start a light fire with live coals from adjacent boilers, with 
wood or other light combustibles. Do not use any combustibles 
for igniting a coal fire in such a manner as to cause excessive smoke 
of possible flareback. Where pulverized coal, gas, or oil is used as 
fuel, make sure that outlet damper is open to create a light draft 
before introducing and igniting fuel. 

C-9. If oil is used as fuel and the system is new or has been out 
of service for a considerable period, first clean and examine the 
strainers and remove, clean, and examine tips and burners. If 
compressed air is available, blow out the oil supply lines with air. 
Place and adjust burners and tips and work the air registers to see 
that they are in good working condition. Close individual burner 
throttle valves. Test the steam coils in the heater for oil leakage 
by keeping the maximum allowable head of oil on the heater, with 
the steam pressure shut off. Hold this head of oil on the heater in 
excess of 15 minutes. Next, unseat the steam valve on the coil 
with the drip valve wide open. Collect the condensate from the 
drip and examine for oil. 

C-10. Remove any spilled oil about burners, fronts, and floor 
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and see that there is no oil on the floor of the combustion chamber. 
Ventilate the boiler by opening draft gates and dampers. 

C-11. If no steam is available for oil pump and burners, raise 
steam in boiler by wood fire. Remove any excess accumulation of 
water in the oil tank. See that oil pumps are warmed up ready for 
use and that relief valves are properly set. Open suction-line valves 
and pump oil to burners. If oil lines are equipped with air cham- 
bers, charge them with compressed air. Examine oil lines and 
equipment for leaks. 

C-12. Light the center burner by holding a hand torch near 
and just under tip of burner then turning on the oil and stand well 
clear to avoid possible flareback. If the torch is snuffed out before 
the oil is lighted, shut off the oil and relight the torch. Always use 
the torch for lighting burners until the brickwork is intensely hot, 
and even then if all burners are out. Next light the adjacent burn- 
ers, but be sure that there is an excess of draft before lighting ad- 
ditional burners. Do not allow the oil to impinge excessively on 
the brickwork or parts of the boiler. 

C-18. After lighting the fire, maintain a light fire until the brick- 
work of the setting is dried out thoroughly. If the entire setting 
is new the drying out may require several days; if the lining of the 
combustion chamber only has been renewed, about 48 hours will 
be sufficient time for drying out for small settings. Larger ones 
will require a longer time. After the usual week-end shutdown, a 
light fire should be carried for about one hour. Only in extreme 
emergency should steam be raised in less than one-half hour, even 
with water-tube boilers. 

C-14. After the water becomes heated, check the level of the 
water in the water glass with gage cocks and examine blow-off 
valves for leaks. After steam has escaped through the vent valves 
for a few minutes, close the valves. 

C-15. After the brickwork is dried out and the boiler heated 
begin raising the steam pressure slowly, especially in internally 
fired boilers where the circulation is sluggish. Keep the water 
level in sight. When the steam pressure approaches the working 
pressure and before cutting the boiler into service blow the water 
down to the proper level, if necessary. Examine the boiler for 
leaks and test the safety valve or valves by hand, holding the valve 
or valves open for a short period to blow out possible accumulation 
of dirt or chips. On high-pressure boilers the safety valves should 
be popped well before the steam pressure approaches the working 
pressure. 


Cutting In 


C-16. Before cutting in a boiler, open and leave open until the 
boiler is on the line, all drains in the connections between the boiler 
and the main header, especially the open drains between the two 
stop valves. In general, in cutting in a boiler to a steam header 
already in service, the steam line between the boiler and the header 
is usually warmed up by backfeed through the drip line or by means 
of the by-pass valve, and the header valve fully cpened and the boiler 
then allowed to cut itself in automatically with the non-return valve 
In case a non-return valve is not used the boiler stop valve should, 
of course, be opened slowly when the pressure in the boiler and the 
steam line are approximately equal. 

a. With two hand-operated stop valves, open slowly (to avoid 
water hammer), to full opening, the stop valve nearer the main 
header. When the pressure in the boiler is nearly equal to the 
pressure in the main header, open slowly, to full opening, the stop 
valve nearer the boiler. After opening each stop valve, stand by 
for a short period prepared to close the valve slowly in case there is 
any indication of water hammer. 

b. With one hand-operated stop valve and one combined stop 
and check valve, when the hand-operated stop valve is nearer the 
main header, open it slowly and preferably only a small amount at 
first. Stand by for a short period to close the valve in case there 
is any indication of water hammer, then open the valve to full 
opening. When the pressure of the boiler is still 10 to 50 lb. below 
the pressure in the header, slowly back off the valve stem of the 
combined stop and check valve sufficiently from the check to pro- 
vide full opening of the check valve. In order to insure that the 
check valve functions properly, always use it automatically for cut- 
ting in and cutting out boilers, provided that the main header is 
filled with steam at full pressure. 
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c. With one hand-operated stop valve and one automatic non- 
return check valve, open the hand-operated stop valve slowly when 
the pressure in the boiler is still 10 to 50 lb. below the pressure in 
the main header and stand by for a short period to close the valve 
slowly in case there is any indication of water hammer. 

d. If steam is being raised on a boiler not connected to a common 
steam header, in general it would be more advisable to raise the 
steam pressure on the whole steam line at the same time, all drips 
being open. 

e. After cutting in a boiler equipped with non-return valves, 
with two independent outlets, observe the steam pressure in the 
boiler to make sure that both valves open. If the non-return valve 
is a combined stop and check valve, operate the rising stem after 
the steam pressure in the boiler has reached its working pressure, 
in order to ascertain whether or not the valve has opened properly. 


HANDLING BOILERS IN SERVICE 

Firing 

C-17. Aside from the standpoint of economy, maintain the fire 
as uniformly as possible in order to avoid excessive combustion, 
undesirable variations in temperature, and possible gas explosions. 
In the event of flareback or the snapping out of burners, where oil 
or gas is used as fuel, shut off the fuel supply and thoroughly venti- 
late the boiler before resuming firing. 
Cleaning Fires 

C-18. Clean the fires when necessary, but preferably at stated 
periods and when boilers are operating at low rating as at noon 
time and just before peak loads. Avoid holes in fire and excessive 
draft while burning out the fire. Clean fires as rapidly as possible 
to minimize cold air in the boiler. Do not fire too heavily immedi- 
ately after cleaning. Do not pile hot ashes and clinkers against the 
boiler front; use care in quenching and remove ashes as soon as 
possible. 
Banking Fires 

C-19. When fires are banked and the furnace temperature is 
reduced, make sure that enough air is carried through the furnace 


and boiler to prevent the accumulation of combustible gases within 
the setting. 
Water Level 

C-20. The most important rule in the safe operation of boilers 
is to keep water in the boiler and as constantly at the proper level 
as conditions will permit. Never depend entirely upon automatic 
alarms or feedwater regulators, no matter how effective or valuable 
these devices may be. 

C-21. The first duty on entering a boiler room is to ascertain 
whether the communications and valves between the boiler and the 
water glasses are free and open, especially when starting up in the 
morning, whether the fires have been banked over night or not, by 
blowing down the water columns and water glasses and noting the 
promptness of the return of the water to the glasses. Try the gage 
cocks also until sure of the water level. This should be done at the 
beginning of each shift and preferably before the relieved shift has 
gone off duty. It should also be done after replacing water glasses 
and more frequently when trouble is experienced with boiler com- 
pounds, foaming, priming, and other feedwater troubles that are 
apt to cause choking of the connections. 

C-22. Have the water column well lighted and keep the glass 
clean. Do not allow steam to leak from the water column or its 
connections as this will cause the water glass to show a false water 
level. Keep the outlet end of the discharge pipes from the water 
column, water glasses, and gage cocks open and free from ob- 
structions. 

C-28. When the level of the water is not visible in the water 
glass, try the gage cocks to determine whether the level of the water 
is above or below the water glass. If the water level is below the 
water glass, stop the supply of air and fuel and close the dampers 
and ashpit doors unless you are in touch with the entire situation 
as to boiler-feedwater supply and positively certain that it is safer 
to continue steaming the boiler than to reduce the steaming rate. 
If found advisable not to stop the steaming rate of the boiler, de- 
termine the cause and remedy it immediately. If found advisable 
to stop the supply of fuel and air, do not change the feedwater sup- 
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ply, open the safety valves or change the steam outlet valves, or 
make any change that will cause a sudden change in the stresses 
acting on the boiler. In the case of hand-fired boilers, do not 
disturb the fire except to cover it with green coal or wet ashes; 
where stokers are used, stop the fuel feed and open the fire doors. 
After the fire is banked or out, close the feedwater valves. When 
the boiler is sufficiently cooled, close the fire doors and cut the boiler 
off the line. Determine the cause and remedy it before the boiler 
is again placed in service. Also examine the boiler for overheating. 

C-24. When it becomes necessary to maintain an unreasonably 
high feedwater pressure, examine the feedwater lines for choking 
due to scale or other causes. 


Foaming and Priming 

C-25. If any unusual or serious foaming occurs, close the steam 
outlet valve long enough to determine the true level of the water in 
the water glass. If the level of the water in the glass is sufficiently 
high, blow down some of the water in the boiler and feed in fresh 
water. Use surface blow-off if installed. Repeat the alternate 
blowing down and feeding several times, and, if the foaming does 
not stop, bank the fire and continue the alternate blowing down and 
feeding. Test safety valve or valves and connections of pressure 
gage, water column, and water glass for any sticking or choking. 
Determine positively the cause of foaming and adopt measures to 
prevent its recurrence, as specified in Pars. C-203 to C-209. 
Oil in Boiler 

C-26. Watch carefully for any sign of oil in the feedwater heaters, 
water-glasses, and blowdowns. If a boiler becomes coated with 
oil or grease, shut down the boiler as soon as practicable and clean 


it thoroughly. If the amount of oil or grease is considerable, boil 
out the boiler in accordance with Par. C-42. 


Feedwater Treatment 


C-27. Execute carefully all instructions given for the treatment 
of feedwater if necessary in the particular plant. It is not advisable 
to experiment with “home-made’”’ treatments or boiler compounds. 


Blowing Down 


C-28. Except where the amount and frequency of blowing down 
is determined by chemical analysis, blow down at least one full 
opening and closing of the blow-off valve every 24 hours. Blow 
down the boilers at a period in the day when the steam production 
is lowest. When boiler is equipped with both blow-off valve and 
cock or quick-opening valve in the same blow-off connection, always 
open the cock or quick-opening valve first and the blow-off valve 
second. In closing, always close the blow-off valve first and the 
cock or quick-opening valve second. Where a large amount of 
blowing down is necessary, open the cock or quick-opening valve 
first, until it is half-open and leave in that position until the water 
is lowered about '/2 in. in the water glass. Then open wide all 
valves until the blowing down is completed. See that the cock or 
valve shuts tight and remains tight. Repair all leaky blow-off 
valves or cocks as soon as practicable. Use surface blow-off if 
installed until the undesirable conditions for which it is employed 
are corrected. 

C-29. Where the water glass is not in view of the operator blow 
ing down a boiler, another operator should be stationed where he can 
see the water glass and signal to the operator blowing down the boiler. 


Leaks 


C-30. When small leaks occur, locate their source and repair 
them as soon as the boiler can be removed from service. If a serious 
leak occurs such as a leak along the longitudinal seams, or near 
flange of drum heads, shut down the boiler immediately by gradually 
reducing the steam pressure and have the boiler examined by an 
authorized inspector. 

In case of tube failure shut off air supply, keep outlet damper 
open, check fire and shut boiler stop valve. Maintain feedwater 
supply, if possible to do so, without drawing too heavily upon the 
supply to other boilers. Shut off feedwater supply when brickwork 
has cooled sufficiently to prevent injury to boilers by overheating. 


Repairs 
C-31. Many casualties have resulted from the practice of repair- 
ing boilers, pipe lines and attachments under pressure; such practice 
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should not be permitted except under the supervision of a competent 
and responsible person. 


Removal of Soot and Ashes 


C-32. Keep tubes reasonably free from soot. When a lance 
or soot blower is used, drain the steam or air supply connections so 
that the steam or air is practically dry. After the boiler has been 
cooled, brush or scrape any hardened soot or deposit from the tubes. 

C-33. Remove ashes frequently and do not permit the accumu- 
lation of any large amount of ashes in the ashpit, boiler flues, or 
base of chimney. Do not pile ashes against the boiler front and 
when wetting down ashes, make sure that no water is thrown upon 
hot castings. To avoid being scalded, stand well back from hot 
ashes or refuse while spraying water on them. Do not leave ashes 
banked about blow-off pipes as a protection. 

C-34. When ashes are removed by a suction system, see that the 
explosion door on the storage hopper is maintained free and in 
condition. Where steam-jet ash conveyors are used, see that all 
operators are warned against the water which may collect upon the 
top of the ashes in the hopper and which may flow suddenly from 
the gate when the ashes are being removed. When necessary to 
bar through the gate to release clogged opening, the operator should 
stand sufficiently aside to avoid being burned by the hot ashes or 
water. 


HANDLING BOILERS OUT OF SERVICE 
Cutting Out 


C-35. Stop the supply of fuel, burn out the fuel in the furnace, 
and cool off the setting and boiler as slowly as is consistent with 
operating conditions. 

After the boiler ceases to require feedwater and the non-return 
check valve, if any, on the steam outlet has closed, close the feed- 
water valves and the main steam stop valve. Where both one hand- 
operated stop valve and one combined stop-and-check valve are 
used, screw down the stem of the combined stop-and-check valve 
to hold the valve disk on the seat. Where two stop valves are used, 
open the drain between the stop valves and see that it is clear. 
When possible, dust off tubes before fire has died out. 

Emptying 

'-.36. Allow the setting to cool slowly, particularly where there 
is much sediment in the boiler. After the setting has been cooled 
and there is no pressure on the boiler, open the vent to prevent the 
formation of a vacuum and empty the boiler. When it is not prac- 
ticable to empty a boiler at atmospheric pressure, blow it down at 
as low a pressure as is consistent with operating conditions. When 
the boiler to be emptied is set in a battery of two or more boilers, 
make sure that the blow-off valves that are opened are on the 
boiler that is to be emptied. As soon as the boiler is emptied, close 
the blow-off valves, remove the manhole plates, and, when necessary, 
the covers of other openings. 


Cleaning 


C-37. Before any person enters the drums or shell of the boiler, 
make sure that these parts of the boiler have been properly venti- 
lated and that there is no inflammable gas present. 

C-38. Before entering the drums or shell of a boiler, see that the 
blow-off valves, the main stop valve, the feedwater valves, and other 
valves are closed. Use some reliable method of safeguarding any 
one entering the shell or drum. 

It is recommended that when the blow-off valves of a boiler being 
cleaned are connected into a common header, the blow-off valves 
of all other boilers be properly safeguarded against opening into the 
boiler being cleaned. 

When electric extension cords are used when entering a boiler, 
the cord should not only be well insulated but designed to with- 
stand mechanical injury and maintained in good condition. The 
lamps should be provided with suitable guards. 

C-39. Examine the boiler to determine how often it should be 
washed. 

C-40. Use hose with considerable force or hand tools if necessary 
to remove scale. Disconnect the blow-off line close to the boiler 
and run the water to waste, or when practical provide a screen which 
can be inserted in the blow-off hole. Wash the tubes of horizontal- 
return tubular boilers from below as well as from above. 
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See that the water does not come in contact with the brickwork 
of the combustion chamber, or if this cannot be avoided, see that 
the brickwork is dried out carefully when firing up. 

C-41. After washing the boiler, pass a light inside and see that 
the cleaning has been thorough and that no tools are left inside. 

C-42. Where a new boiler is to be placed into service for the first 
time, it may be cleaned by boiling out with a mixture of soda ash 
and caustic soda. Fill the boiler with water to about the middle 
line of the water glass and add one part by weight of soda ash and 
one part caustic soda at a rate of 20 lb. per 100 hp. capacity. Dis- 
solve the chemicals thoroughly before introducing into the water. 
Close the boiler and start a light fire, sufficient to carry 5 lb. pressure 
in the boiler. Continue boiling two or three days. Empty the 
boiler and then wash thoroughly with fresh water. 

C-43. When cleaning scale from tubes with mechanical hammer 
or cleaner, follow the instructions given in Par. C-270. 
Laying Up 

C-44. When laying up a boiler for an extended period of time, 
follow the instructions given in Pars. C-244 to C-248. 


II—Rules for Operating and Maintaining Boiler 
Appliances 
Steam Pressure Gage 

C-45. Compare boiler steam gages frequently. Test at times 
of external inspection, when the boiler is placed in service after 
periods of shutdown for internal inspection or repairs and after an 
extended period of shutdown. When the safety valve pops, note 
the reading of the gage and, if the reading is not in agreement with 
the stipulated popping pressure nor with gages on adjacent boilers 
operating under the same pressure, test the gage. See that the 
gages are tested when trouble is experienced with boiler compounds, 
foaming, priming, and other feedwater troubles that are apt to cause 
choking of the gage connections. 

C-46. A steam gage is considered tested when it has been com- 
pared and made to agree with a dead-weight testing device, or a 
test gage which has been so tested. When compensation for water- 
leg has been made, make an equivalent allowance in the reading of 
the test gage or dead-weight testing device. Use only a reliable 
gage for a test gage and use it exclusively for testing gages in service 

C-47. Before testing a steam pressure gage, disconnect it at the 
gage union and clear the piping, cock, and siphon by blowing through 
unless this can be done by opening a plug or valve connection 
After blowing through, reconnect the gage. Do not admit steam 
directly into the gage and be sure at all times that the siphon is 
filled with water. If steam has entered the gage, it must be re- 
tested. 

C-48. Keep the gages well lighted at all times and the dials and 
glass covers clean. See that the glass cover is maintained tight 
and whenever the glass is broken that it is replaced as soon as 
possible. 

C-49. When a boiler steam gage, not in use, is likely to be sub- 
jected to freezing temperatures, drain the connections and gage. 


Water Glass 


C-50. Keep the communications and valves between the boiler 
and the water column and water glass free and clear and test by 
blowing down the water column and water glass, noting the prompt- 
ness of the return of the water to the water column and glass, and 
trying the gage cocks until sure of the water level. 

C-51. All water columns and water glasses shall be tested by the 
water tender, or operator directly responsible for the level of the 
water in the boiler, at the beginning of each shift and preferably 
before the relieved shift has gone off duty. 

By shift is meant a person or group of persons who relieve a person 
or group of persons in rotation in standing watch or operating 
steam generating plant for an allotted time. It is synonymous 
with watch, vigil, or tour of duty. 

C-52. Test water glasses after replacing. Test all water glasses 
on a boiler when the boiler is placed in service, and when trouble 
is experienced with boiler compounds, foaming, priming, or other 
feedwater troubles that are apt to cause choking of the connections. 

C-53. Water glasses and their connections shall be kept free 
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from leaks and no connections allowing a flow of water or steam from 
the piping between the water column or water glass and the boiler 
shall be made, as such leaks or flow of water or steam will cause a 
false indication of the water level in the boiler. 

(-54. The outlet end of the discharge pipes from water columns, 
water glasses, and gage cocks shall be kept open and in sight or hear- 
ing of operator while blowing down. 

C-55. Keep water glasses well lighted and clean. When they 
need cleaning, replace them with clean glasses. Attempts to clean 
glasses in place lead to possible cracking of the glass or choking from 
pieces of cloth or waste. . 

('-56. Whena water glass has broken, remove the broken pieces 
and slowly open the valves to blow out any remaining pieces. Be- 
fore inserting the new glass, see that the drain is open and that the 
glass is of the exact length required and that the connections are 
in line. Insert the glass with packing and set up the stuffing-box 
nuts, taking care not to set them up too tight. Then warm the 
glass by opening the top valve slightly and let a small current of 
steam flow through the glass. Close the drain cock after the glass 
is sufficiently warmed, open the bottom valve slightly and when 
the level of the water in the glass has become stable, open the 
bottom valve wide and then open the top valve wide. 

(-57. Unless the water glass is provided with a guard to protect 
the operator while replacing water glasses on boilers under pressure, 
or unless the operator wears a mask, the valves shall be operated 
only by remote control. A_ suitable water-glass guard may be 
made in the form of an inverted cone of No. 22 black iron wire screen 
of '/s in. mesh. 


Feedwater Regulators 
C-58. If feedwater regulators are used, see that they are main- 

tained in good working condition, but do not place complete de- 

pendence on the regulators to maintain the proper level of water 

in the boiler. 

Fustble Plugs 

C-59. If fusible plugs are used, see that they are kept in good 
condition and that they are not used for more than one year as 
provided for in Par. A-19 of the Power Boiler Section of the Code. 
When the boiler is open, scrape clean and bright the exposed sur- 
faces of the fusible metal as well as the surface of the boiler near 
the plugs. If the fusible metal does not appear sound, renew the 
plug. Never refill a plug with anything but new metal of a quality 
specified in Par. A-19 of the Power Boiler Section of the Code. 
Safety Valves 

C-60. Keep all safety valves free and in working order. 

C-61. Test the valves in accordance with the instructions given 
for the particular plant. Test the safety valves by gently raising 
the valve off the seat by hand or, when practicable, test the valves 
daily by raising the steam pressure to the popping pressure of the 
safety valve. Small chains or wires attached to the levers of pop 
safety valves and extended over pulleys to other parts of the boiler 
room may be used. If the valve sticks, do not try to release it by 
hammering; drop the pressure in the boiler and clean the valve seat 
or correct any other defect that may be found. When an additional 
safety valve is installed on a boiler in excess of the capacity required 
by the Rules for the Construction of Power Boilers and the capacity 
of that valve is equal to the capacity of the faulty safety valve, the 
boiler may remain in operation until it can be conveniently taken 
out of service. 

C-62. Do not try to stop leakage by tightening the spring or by 
blocking it in any manner whatsoever. When a safety valve leaks 
at a pressure less than that at which it is set to close, repair or re- 
place it as soon as practicable. 

C-63. Whenever the safety valve pops, observe the pressure 
indicated by the boiler gage and, if the noted pressure varies more 
than 5 lb. from the stipulated popping pressure, test the gage. If 
the gage is found correct, adjust the safety valve. Where the work- 
ing pressure is in excess of 250 lb. per sq. in., the allowable variation 
shall be 2 per cent of the working pressure. 

C-64. Do not allow the setting or adjustment of safety valves 
by any one but a competent person. Any setting or adjusting of 
the blowback ring or any device to regulate this feature, shall be 
done only by a competent mechanic familiar with the construction 
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and operation of safety valves. Test the safety valve after any 
setting or adjusting of the spring or blowback ring. Do not have 
the water in the boiler above the highest gage cock when setting or 
adjusting the valve. When the spring becomes weak and must be 
screwed down to secure the stipulated popping pressure, make sure 
that the spring is not screwed down so far that there is a restriction 
of the proper amount of the opening of the valve as required in 
Pars. P-282 and P-284 of the Power Boiler Section of the Code. 

C-65. Safety valves shall not be opened to reduce steam pressure 
in the case of low water. 

C-66. Never set the popping point of a safety valve above the 
pressure authorized for the boiler. When there is more than one 
safety valve on a boiler, the setting of the popping point of the safety 
valves shall be in accordance with Par. P-271 of the Power Boiler 
Section of the Code. If the popping pressure of a safety valve is 
to be more than 10 per cent above or below the pressure for which 
the spring is designed, replace the spring with another spring de- 
signed for the proper pressure. 

C-67. Where boilers are connected into a common steam header 
and operate under the same working pressure and some of the boilers 
have allowable working pressures greater than others, never set a 
safety valve to pop at a pressure greater than that allowed on the 
weakest boiler unless the lower-pressure boilers are equipped with 
non-return check valves and sufficient safety-valve capacity is 
added to the lower-pressure boilers or to the low-pressure header to 
take care of the capacity of the higher-pressure boilers. 

(68. Care shall be exercised to prevent the accumulation of 
scale, dirt or other foreign matter from collecting between the coils 
of the spring of the safety valve. 

C-69. Keep the drain in the escape pipe open. If the safety 
valve pops when the operator is in a favorable position, he should 
observe the drain in the escape pipe in order to determine that the 
drain is unobstructed. When running a wire in the drain hole in 
the escape pipe to ascertain if it is clear, be careful that the wire 
does not move scale that may fall over the drain opening when the 
wire is removed. 

C-70. Maintain the proper tension on all supports and anchors 
to which the escape pipe is attached and examine them at least every 
six months. 

C-71. When making a hydrostatic test, remove the safety valves 
and blank the opening or clamp the valve disk securely to the seat. 
Also remove the water column floats, if necessary. Make sure that 
the safety valve is placed in good working condition after the hydro- 
static test has been made. 


Blow-Off Equipment 


C-72. Maintain blow-off valves and cocks in good working con- 
dition and repair leaking blow-off valves as soon as practicable. 
See that they are in good working condition before putting a boiler 
in service and examine them periodically, when boiler is washed out 
and at times of internal inspection. Maintain in good condition 
the pipe and fittings between the blow-off valve and the boiler to- 
gether with their insulation and inspect them periodically, at times 
of internal inspection and particularly when the boiler is washed 
out. If the discharge end of the blow-off line is visible, watch it for 
the purpose of detecting leaky blow-off valves. 

C-73. Open and close blow-off valves or cocks carefully and 
slowly, and in closing the blow-off valve see that it is closed 
tight. 

C-74. Where a large amount of blowing down is necessary, open 
one valve wide and the second valve until it is half open and leave 
it in that position until the water is lowered about '/2 in. in the water 
glass; then open the second valve wide until the blowing down is 
completed. 

C-75. When an operator is blowing down a boiler and cannot 
see the water glass, station another operator to watch the water 
glass and to signal the operator blowing down the boiler. Never 
permit one operator to blow down more than one boiler at a time 
and, when a boiler to be emptied is set in a battery of two or more 
boilers, make sure that the blow-off valves opened are on the boiler 
to be emptied. When blowing down a boiler do not fail to give 
entire attention to that duty, and perform no other duty until the 
blow-off valves have been closed. 

C-76. Study carefully the conditions of the particular plant in 
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order to determine the amount and frequency of blowing down; 
determine it by chemical analysis if possible. The amount and 
frequency of blowing down depends upon the number of hours a 
day that the boiler is in service, the rate at which it operates, and 
the kind of feedwater used (see Pars. C-202 to C-209). Except 
where the amount and frequency of blowing down are determined 
by chemical analysis, blow down at least one full opening and clos- 
ing of the blow-off valve every 24 hours. 

C-77. Blow down the boiler, if necessary, just before cutting in. 
When a boiler is in service, see that the blowing down is done at a 
time when the generation of steam is lowest. If any unusual or 
serious foaming occurs, check the fuel and air supply and close the 
steam outlet long enough to determine the true level of the water in 
the water glass. If the level of the water in the glass is sufficiently 
high alternately blow down some of the water in the boiler and 
feed in fresh water several times. Use surface blow-off if installed. 
If the foaming does not then stop, bank the fire and continue the 
alternate blowing down and feeding. 

C-78. Allow the setting to cool slowly, particularly where there 
is much sediment in the boiler. After the setting has been cooled 
and there is no pressure on the boiler, open the vent and empty the 
boiler. When it is not practicable to empty a boiler at atmospheric 
pressure, blow it down at as low a pressure as is consistent with 
operating conditions. When the boiler to be emptied is set in a 
battery of two or more boilers, make sure that the blow-off valves 
that are opened are on the boiler that is to be emptied. As soon 
as the boiler is emptied, close the blow-off valves, remove the man- 
hole plates, and, when necessary, the covers of other openings. 

C-79. Before entering the drums or shell of a boiler, see that 
the blow-off valves, the main stop valve, the feedwater valves, and 
other valves are closed. Use some reliable method of safeguarding 
any one entering the shell or drum. 

It is recommended that when the blow-off valves of a boiler being 
cleaned are connected into a common header, the blow-off valves 
of all other boilers be properly safeguarded against opening into the 
boiler being cleaned. 

When electric extension cords are used when entering a boiler, 
the cord should not only be well insulated but designed to withstand 
mechanical injury and maintained in good condition. The lamps 
should be provided with suitable guards. 

C-80. Use hose with considerable force or hand tools if necessary, 
to remove scale. Disconnect the blow-off line close to the boiler 
and run the water to waste, or when practical provide a screen which 
can be inserted in the blow-off hole. Wash the tubes of horizontal- 
return tubular boilers from below as well as from above. 

See that the water does not come in contact with the brickwork 
of the combustion chamber, or if this cannot be avoided, see that 
the brickwork is dried out carefully when firing up. 


Dampers 


C-81. Maintain all dampers in good working order and inspect 
them before starting a boiler, periodically when boiler is in service, 
and at times of internal inspection. 

C-82. If damper regulators or draft-control devices are used, 
see that they are kept in good working condition and inspected 
before starting a boiler, periodically when boiler is in service, and 
at times of internal and external inspections. Be alert to detect 
any unusual conditions which may affect the safety of the structure. 
Such devices do not relieve the operator of responsibility. 

C-83. If coal is used as fuel, cover the grate with a thin layer of 
coal and start a light fire with live coals from adjacent boilers, with 
wood, or other light combustibles. Do not use any combustibles 
for igniting a coal fire in such a manner as to cause excessive smoke 
or possible flareback. Where pulverized coal, gas, or oil is used as 
fuel, make sure that outlet damper is open to create a light draft 
before introducing and igniting fuel. 

C-84. Under normal operation avoid an excessive amount of air 
but do not decrease the air to a condition that will cause a dangerous 
amount of incomplete combustion or objectionable pressure in the 
combustion chamber. In the case of fluid fuels, when increasing 
or decreasing the rate of firing, increase the air supply before in- 
creasing the fuel supply and decrease the fuel supply before decreas- 
ing the air supply. 

C-85. Avoid excessive draft or pressure while cleaning fires. 
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Banking Fires 


C-86. When fires are banked and the furnace temperature is 
reduced, make sure that enough air is carried through the furnace 
and boiler to prevent the accumulation of combustible gases within 
the setting. 

C-87. When the level of the water is not visible in the water 
glass, try the gage cocks to determine whether the level of the water 
is above or below the water glass. If the water level is below the 
water glass, stop the supply of air and fuel and close the dampers 
and ashpit doors unless you are in touch with the entire situation as 
to boiler-feedwater supply and positively certain that it is safer to 
continue steaming the boiler than to reduce the steaming rate. If 
found advisable not to stop the steaming rate of the boiler, deter- 
mine the cause and remedy it immediately. If found advisable to 
stop the supply of fuel and air, do not change the feedwater supply, 
open the safety valves or change the steam outlet valves, or make 
any adjustment that will cause a sudden change in the stresses acting 
on the boiler. In the case of hand-fired boilers, do not disturb the 
fire except to cover it with green coal or wet ashes; where stokers 
are used, stop the fuel feed and open the fire doors. After the fire 
is banked or out, close the feedwater valves. When the boiler is 
sufficiently cooled, close the fire doors and cut the boiler off the line. 
Determine the cause and remedy it before the boiler is again placed 
in service. Also examine the boiler for overheating. 

C-88. In case of tube failure shut off air supply, keep outlet 
damper open, check fire and shut boiler stop valve. Maintain the 
feedwater supply, if possible to do so, without drawing too heavily 
upon the supply to other boilers. Shut off the feedwater supply 
when the brickwork has cooled sufficiently to prevent injury to the 
boilers by overheating. 

C-89. In the event of flareback or the snapping out of burners 
where oil or gas is used, shut off the fuel supply and thoroughly 
ventilate the boiler before resuming firing. 

C-90. Keep the draft on while blowing soot from the tubes. 

C-91. When cutting out a boiler, stop the supply of fuel, burn 
out the fuel in the furnace, and adjust the dampers to cool off the 
setting and boiler as slowly as is consistent with operating con- 
ditions. When possible, dust off tubes before fire has died out. 


I1I—Rules for Inspection 


Preliminary 


C-92. All power boilers should be given one internal and two 
external inspections per year by the state or municipal inspectors 
having jurisdiction or by the inspectors of the insurance company 
carrying the risk. These inspectors are hereinafter termed author- 
ized inspectors. 

C-93. Similar inspections should be made by the person responsi- 
ble for the boiler plant as a whole or his duly authorized representa- 
tive who is hereinafter termed the “plant inspector.” Such in- 
spections shall be supplementary to and in no wise considered as 
supplanting or superseding the inspections made by authorized 
inspectors. Such inspections shall be made in accordance with the 
following rules: 

C-94. A record of each inspection shall be kept in a uniform 
manner so that any change of condition can be definitely compared, 
especially with reference to thickness of scale, corrosion, cracks, and 
other unusual conditions. 

C-95. Between periodical inspections by authorized inspectors, 
the plant inspector shall closely observe the operation and con- 
dition of the boilers and shall report immediately to the proper 
authorities any serious defects, doubtful conditions, or unusual! 
occurrences. 

C-96. An external inspection shall comprehend the superficial! 
examination of the boiler, its appurtenances and connections, anc 
does not necessarily require that the boiler be off the line. It is a 
form of examination to check up care and management mainly. 

C-97. The internal inspection of the boiler shall be a compre- 
hensive and thorough examination in every detail, embracing par- 
ticularly the determination of the suitability of the boiler for pres- 
sure carried, strength of its parts, possible deterioration in service, 
and advisability of its continuance under the pressure carried 
previous to inspection. 

C-98. No particular preparations shall be necessary for an ex- 
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ternal inspection other than giving the plant inspector convenient 
access to the boiler and its connections. 

C-99. The internal inspection shall call for somewhat extensive 
preparation, mainly the proper cooling and cpening up the boiler 
together with a thorough cleaning of the boiler, including setting. 

C-100.° The walls, baffles, tubes, and shell shall be thoroughly 
swept down and the ash and soot removed to give the plant inspector 
opportunity to examine the parts closely and to eliminate danger 
from hot contact. 

C-101. Where steam soot blowers are used, the tubes shall be well 
dusted and cleaned before the blowing operation has commenced. 

C-102. When boiler and setting are sufficiently cooled, the blow- 
off valve shall be opened and the water removed. Then the man- 
hole and handhole covers shall be removed to allow circulation of 
air through the boiler. 

C-103, The inside of shell, drums, and tubes shall then be washed 
down thoroughly to remove mud, loose scale, or similar deposits. 
The washing operation shall be conducted from above as far as 
possible to carry the material downward to blow-off or lower hand- 
holes. 

(-104. Use hose with considerable force or hand tools if neces- 
sary toremove seale. Disconnect the blow-off line close to the boiler 
and run the water to waste, or, when practicable, provide a screen 
which can be inserted in the blow-off hole. Wash the tubes of hori- 
zontal-return tubular boilers from below as well as from above. 

See that the water does not come in contact with the brickwork 
of the combustion chamber, or if this cannot be avoided, see that 
the brickwork is dried out carefully when firing up. 

(-105. Before entering the drums or shell of a boiler, see that 
the blow-off valves, the main stop valve, the feedwater valves, and 
other valves are closed. Use some reliable method of safeguarding 
any one entering the shell or drum. 

It is recommended that when the blow-off valves of a boiler being 
cleaned are connected into a common header, the blow-off valves 
of all other boilers be properly safeguarded against opening into the 
boiler being cleaned. 

When electric extension cords are used for entering a_ boiler, 
the cord should not only be well insulated but designed to withstand 
mechanical injury and mainteined in good condition. The lamps 
should be provided with suitable guards. 

(-106. The plant inspector shall have available the data on the 
boiler, dimensions, age, particulars as to previous defects noted, if 
any, and shall watch for any indication of decrease in the pressure- 
carrying capacity of the boiler and report any such findings to his 
immediate superiors. 


External Inspection 


(-107. The plant inspector shall examine the boiler for level, 
noting whether or not there has been any tendency to settlement, 
especially the transverse level of the top tubes in horizontal-return 
tubular boilers. He shall see that proper provision is made for 
expansion. 

C-108. Examination shall then be made of the feed connection 
to see that it is clear and in good working condition. 

(-109. Examination shall be made for evidences of corrosion on 
the exterior of shell from rain coming down the stack, or from 
leaking roofs, valves, or pipes. 

(-110. Inspection shall be made to see if there is any leakage of 
flame on dry sheets, particularly at the back arch of return-tubular 
boilers, which should be entirely clear of the rear tube sheet with 
sheet metal or asbestos rope covering the gap. Tie rods and buck 
stays shall be examined for condition and possible shifting from 
place. 

(-111. The plant inspector shall note the proximity of overhead 
shafts or any machinery which might drop down on or strike the 
boiler in case of accident. 

(-112. The plant inspector shall note the presence of lumber or 
other material piled on boiler or setting for purposes of drying or 
storage and which may endanger the setting or the safety and ac- 
cessibility of the apparatus. The practice of drying or storing 
materials on top of boiler settings should not be allowed. 

C-113. A careful examination shall be made of the safety valve, 
its connection to the boiler, its escape pipe, its drip, and supports. 

Test the valves in accordance with the instructions given for the 
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particular plant. Test the safety valves by gently raising the valve 
off the seat by hand, or, when practicable, test the valves daily by 
raising the steam pressure to the popping pressure of the safety 
valve. Small chains or wires attached to the levers of pop safety 
valves and extended over pulleys to other parts of the boiler room 
may be used. If the valve sticks, do not try to release it by ham- 
mering; drop the pressure in the boiler and clean the valve seat or 
correct any other defect that may be found. When an additional 
safety valve is installed on a boiler in excess of the capacity required 
by the Rules for the Construction of Power Boilers and the capacity 
of that valve is equal to the capacity of the faulty safety valve, the 
boiler may remain in operation until it can be conveniently taken 
out of service. 

C-114. The water glass, gage cocks, water-column connections, 
and blow-offs shall be tested to see if the connections are free. 
Boiler pressure gages and master gages shall be checked with other 
reliable gages in the same system. It should also be done after 
replacing water glasses and more frequently when trouble is ex- 
perienced with boiler compounds, foaming, priming, and other feed- 
water troubles that are apt to cause choking of the connections. 


Internal Inspection 


(-115. The plant inspector shall enter the drums of the boiler 
to make personal examination of conditions, but before entering he 
shall first make sure that they have been properly ventilated and 
that there is no inflammable gas present. 

C-116. Before entering the shell or drum the plant inspector 
shall see that the blow-off valve, the main steam valve, feedwater 
valves, and other valves are closed. Use some reliable method of 
safeguarding any one inside the boiler. 

C-117. Careful examination of the interior of the boiler shall be 
made for cracks, pitting, corrosion, scale, and thin places in the 
shell. The upper half of drums in the steam space shall be examined 
particularly for signs of grease and oil. 

C-118. The interior of the tubes should be examined for scale 
and deposits and the space between the tubes in the case of a return- 
tubular boiler made visible by lowering candle or small light between 
them for the purpose of making sure that there is no restriction of 
the circulation. 

C-119. The location of the feed discharge and condition of the 
trough under it shall be noted. Dry pipes shall be examined to see 
that their openings and perforations are free from deposits. All 
interior fittings shall be examined for loose connections. 

C-120. The interior face of the riveted joints shall be examined 
for condition of riveting, thinness of metal, corrosion, cracks, etc. 
The plant inspector shall note any wasting away and cracking of 
stays and braces. Particular examination shall be made of any 
welded stays or braces. 

(-121. If fusible plugs are used, see that they are kept in good 
condition and that they are not used for more than one year as pro- 
vided for in Par. A-19 of the Power Boiler Section of the Code. 
When the boiler is open, scrape clean and bright the exposed surfaces 
of the fusible metal as well as the surface of the boiler near the plugs. 
If the fusible metal does not appear sound, renew the plug. Never 
refill a plug with anything but new metal of a quality specified in 
Par. A-19 of the Power Boiler Section of the Code. 


Furnace and Parts Exposed to Fire 


C-122. The plant inspector shall go into the furnace for the 
examination of the exterior of the tubes, shell, brickwork, and 
baffles. 

C-123. Where soot blowers are used the inspector should exam- 
ine them and also examine the boiler tubes for injury due to im- 
pingement of steam. 

C-124. The plant inspector shall examine the setting for cracks, 
settlement, and loose brick which may lean against the boiler. 
Where brickwork is used as insulation of steel supporting members 
it shall be examined to see that it is in good condition and that the 
air space, if any, is maintained. The furnace lining shall be exam- 
ined for spalling, cracking, and settlement. In vertical water-tube 
boilers, the bridge walls shall be inspected to see that the mud drum 
is properly protected. The plant inspector shall examine baffle 
and check walls particularly for holes which may permit flaming 
through. 
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C-125. The blow-off connection should be examined carefully 
for corrosion and weakness where it connects with the boiler. The 
protective cover of brick or tile should be intact and not interfere 
in any way with the expansion of the boiler or pipe. 

C-126. Particular attention shall be given the tube ends and 
tube sheets in the case of horizontal-return tubular boilers. The 
plant inspector shall note any corrosion of the sheets, signs of leaking 
tubes, excessive thinning of the tubes from repeated rollings, and 
the condition of tube ends of circulating tubes and mud-drum nipples 
of water-tube boilers. 

C-127. The plant inspector shall note any tendency to corrosion 
from leakage of manhole and handholes under tubes in tube sheets 
of return-tubular boilers. 


Appurtenances 


C-128. An examination of the condition of the main header and 
its connections to the boiler shall be made to ascertain that it is 
properly supported, that due allowance is made for expansion with- 
out throwing strains on the boiler, and that the non-return stop 
valves are in good working condition and so placed that there is no 
pocket in the connection to hold water unless properly drained. 

C-129. The plant inspector shall note the position of the steam 
gage and gage cocks, ascertain that the pipes leading to the water 
column and water glass are level, and by leveling across the top row 
of tubes or from the position of the fusible plug check the position 
of the water glass. 

C-130. Check the pipe line and all exterior supports to see that 
the proper tension and alignment are maintained. Where boiler 
foundations are independent of building foundations, joints on the 
steam and feed connections shall be disconnected once a year or 
other reliable means shall be employed to check possible settlings. 


Care and Management 


C-131. The plant inspector shall note particularly any evidences 
of carelessness in the care and management of the boiler and its 
appurtenances. 

C-132. The plant inspector shall recommend immediate remedy 
of any unsafe conditions or undesirable practices he may uncover 
and shall report promptly and fully on the results of his inspection 
to his immediate superiors. 

C-133. The plant inspector should be furnished a copy of all 
reports of inspections made by authorized inspectors and see that 
all recommendations in such reports are promptly and carefully 
carried to completion. 


1V—Rules for the Prevention of Direct Causes 
of Boiler Failures 


OVERPRESSURE 
INDICATORS 


Steam Pressure Gages 


C-134. A steam gage shall be considered tested when it has been 
compared and made to agree with a dead-weight testing device, or 
a test gage which has been so tested. 

C-136. In order to insure an accurate basis for comparison, the 
test gage shall be a reliable gage that is used exclusively for testing 
gages in service and one that is tested and maintained in agreement 
with a dead-weight testing device. When compensation for the 
waterleg has been made, an equivalent allowance shall be made in 
the reading of the test gage or dead-weight testing device. 

C-136. Compare the boiler steam gages frequently. Test at 
times of external inspection, when the boiler is placed in service 
after periods of shutdown for internal inspection or repairs, and after 
an extended period of shutdown. When the safety valve pops, 
note the reading of the gage and, if the reading is not in agreement 
with the stipulated popping pressure nor with the gages on adjacent 
boilers operating under the same pressure, test the gage. See 
the gages are tested when trouble is experienced with boiler com- 
pounds, foaming, priming, and other feedwater troubles that are 
apt to cause choking of the gage connections. 

C-137. Before testing a steam pressure gage, disconnect it at 
the gage union and clear the -piping, cock, and siphon by blowing 
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through. After blowing through, reconnect the gage. Do not 
admit steam directly into the gage and be sure that at all times 
the siphon is filled with water. If steam has entered the gage, it 
must be retested. 

C-138. Keep the gages well lighted at all times and the dials 
and glass covers clean. See that the glass cover is maintained tight 
and, whenever the glass is broken, that it is replaced as soon as pos- 
sible. 

C-139. When a boiler steam gage, not in use, is likely to be sub- 
jected to freezing temperatures, drain the connections and gage. 

C-140. A master steam gage is an auxiliary gage attached to the 
main header indicating the composite boiler pressure of the whole 
battery; it is used in the general operation of the plant mainly as a 
matter of convenience. Master steam gages shall be tested when 
they are not in reasonable agreement with other reliable steam gages 
about the plant. 

|The remainder of this Code, comprising, the rest of Section IV 
Rules for Prevention of Direct Causes of Boiler Failures, Section 
V—Partial Rules for Installation, and Appendix, will appear in a 
later issue of MrecHanicaL ENGINEERING. Complete pamphlet 
copies of the Suggested Rules for examination and study in advance 
of the Public Hearing in Milwaukee, Wis., on May 18th, may be 
obtained upon application to the Secretary of the Boiler Code 
Committee, 29 West 39th Street, New York, N. Y.—Epiror. | 
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HE Boiler Code Committee meets monthly for the purpose of considering 
communications relative to the Boiler Code. Any one desiring infor- 
mation as to the application of the Code is requested to communicate with 
the Secretary of the Committee, Mr. C. W. Obert, 29 West 39th St., New 
York, N. Y. 


The procedure of the Committee in handling the cases is as 
follows: All inquiries must be in written form before they are ac- 
cepted for consideration. Copies are sent by the Secretary of the 
Committee to all of the members of the Committee. The inter- 
pretation, in the form of a reply, is then prepared by the Com- 
mittee and passed upon at a regular meeting of the Committee. 
This interpretation is later submitted to the Council of the Society, 
for approval, after which it is issued to the inquirer and simultan- 
eously published in MECHANICAL ENGINEERING. 

Below are given interpretations of the Committee in Cases Nos 
472, 473, and 477-486 inclusive, as formulated at the meetings of 
January 14 and February 20, 1925, all having been approved by 
the Council. In accordance with established practice, names of 
inquirers have been omitted. 

Case No. 472 

Inquiry: What specifications in the Boiler Code are applicable to 
round and square tubing material when used for the construction 
of headers for boilers? 

Reply: It is the opinion of the Committee that if the materia! 
will conform to either of the specifications for boiler tubes or for 
pipe materials contained in the Material Specifications Section of 
the Code, the requirements of Par. P-9 will be met, except that in 
the case of sinuous headers the flattening, crushing, or bending tests 
need not be made, the work done on the material in forming the 
sinuous header taking the place of these tests. 

Case No. 473 

Inquiry: Is it permissible, under the requirements of the Boiler 
Code, to acetylene weld the vertical seam of the firebox of a vert- 
ical-tubular boiler, using a butt-welded joint with the staybolts 
passing through the center line of the weld, it being understood that 
the furnace sheet is staybolted to support the full load thereon? 

Reply: It is the opinion of the Committee that if the stress on 
the furnace sheet due to the steam pressure is fully supported by 
staybolting, the welding of the vertical seam in the firebox of 4 
vertical-tubular boiler is permissible under Par. P-186 of the Code. 
The welded seam shall be located between two rows of staybolts. 








~_ mt ah it 


— 2a os a 








May, 1925 


Cask No. 477 

Inquiry: Is the girth joint where the shell is joined to the head of 
a water-tube boiler drum considered, under the terms of Par. 
P-184d, as a circumferential joint? Also, can this distance be mea- 
sured from the center of the rivet hole to the calking edge of the plate 
before calking? 

Reply: It is the opinion of the Committee that the rule in Par. 
P-184d applies to boilers where the stress on the heads is relieved or 
partly supported by tubes or through stays. It is the further opin- 
ion of the Committee that for other constructions the requirements 
of Par. P-183, which relates to longitudinal joints, should apply to 
circumferential joints including head joints. 


Case No. 478 (In the hands of the Committee) 

Case No. 479 

Inquiry: In calculating the staying of heads of welded steel heat- 
ing boilers, is it permissible to exempt the 3-in. strip adjacent to 
the shell as prescribed in Par. H-24 of the Low-Pressure Heating 
Boiler Code? 

Reply: Par. H-24 refers specifically to flanged heads. It is the 
opinion of the Committee that where the heads used in the construc- 
tion referred to are flanged for their attachment to the shell, the area 
thereof may be reduced by a 3-in. strip adjoining the flange and a 
2-in. strip adjoining the tubes, as indicated in Par. H-24. If the 
heads are attached by a method which does not involve flanging 
thereof, the area may be reduced only by a 2-in. strip adjoining the 
tubes. 

Case No. 480 


Inquiry: Does the diameter of the tube sheet specified in Par. 
P-20 of the Code refer to the diameter measured before flanging the 
sheet, or the outside diameter after flanging? 

Reply: It is the opinion of the Committee that the diameter of 
the tube sheet referred to in Par. P-20 is the maximum measurement 
of diameter on the outside of the head after it has been flanged. 


Case No. 481 (In the hands of the Committee) 


CasE No. 482—(Annulled) 


Case No. 483 

Inquiry: Will a boiler that has been constructed in accordance 
with the requirements of the A.S.M.E. Boiler Code, conform fully 
to the Code_requirements if it is provided with a stamping consist- 
ing of a brass plate on which the official Code symbol is etched 
rather than stamped with one of the official Code symbol stamps 
furnished by the Society? 

Reply: It is the opinion of the Committee that such a form of 
stamping using an etching of the symbol on a non-ferrous plate 
will not meet the intent of the requirement in Par. P-332 of the 
Code. 

Cask No. 484 


Inquiry: Is it permissible to connect a low-water signal or alarm 
of the whistle type to the water-column or water-gage connections 
of a boiler? 

Reply: It is the opinion of the Committee that Par. P-295 of the 
Code does not permit the connection or attachment of any form of 
apparatus to the pipes connecting a water column to a boiler that 
may under any conditions allow steam to escape therefrom. A 
low-water alarm cannot be considered as the equivalent of a drain 
connection, the purpose of which is merely to clear out the pipes. 

Case No. 485 

Inquiry: Is it permissible to consider the conical flue sheet of a 
vertical tubeless boiler which connects the furnace sheet with the 
top head as an extension or continuation of the furnace sheet from 
the mud ring to the head, so that the staying thereof may be cal- 
culated like that of a long circular furnace, reinforced at the girth 
seams by the riveted joints applied thereto? 

Reply: It is the opinion of the Committee that the straight portion 
of the furnace sheet in the lower portion of such a design of boiler 
must be calculated under Pars. P-239 or P-240 pertaining to plain 
circular furnaces, or if it exceeds the limits of Par. P-240 the sheet 
must be stayed as a flat surface. The conical portion of the heating 
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surface which is a frustum of a cone may be calculated in accordance 
with the requirements of Par. P-231 or it may be stayed as a flat 
surface. 


Case No. 486 


Inquiry: Is it permissible, under the requirements of either Par. 
P-295 or P-321, to so arrange the water connection between a boiler 
and a water column that there may be a pocket in the pipe which 
may cause the lodgment of sediment, even though a cross is pro- 
vided to facilitate cleaning? 

Reply: The Rules in the Code do not definitely specify the ar- 
rangement of water connection that shall be made between the boiler 
and the water column, but it is the opinion of the Committee that 
this water connection should be so made that the water-column 
blow-down connection can effectually drain all of the water con- 
nections between the column and the boiler. 


Addenda to Code 


As A RESULT of criticisms of the requirements in Section IV 
4 of the Code for the calculation of sizes of safety valves for low- 
pressure heating boilers and claims that they are inapplicable 
under all conditions of practice in the field, the Boiler Code Com- 
mittee has carefully reviewed this subject and, after due investiga- 
tion, has formulated the following proposed revision of these re- 
quirements: 

Revise pars. H-51 anp H-104 710 READ AS FOLLOWS: 

Iivery safety valve or water-relief valve shall have plainly 
stamped on the body or cast thereon the letters A.S.M.E. STD., 
in such a way that the markings cannot be obliterated in service, 
the manufacturer’s name or trademark, and the pressure at which 
it is set to blow. The seats and disks of safety or water-relief 
valves shall be made of non-ferrous material. 


REVISE FIRST SECTION OF PARS. H-53 AND H-106 TO READ AS FOL- 
LOWS: 
The minimum size of safety or water-relief valve or valves for 
each boiler shall be governed by the amount of the grate area as 
given in Table H-6 (or H-10) or H-7 (or H-11). 


REVISE TABLES H-6 AND H-10 TO READ AS FOLLOWS: 


MINIMUM ALLOWABLE SIZES OF SAFETY 


STEAM HEATING BOILERS 


Safety Valve . eresEaaameraae 
Discharge 


VALVES FOR 


Area of 

Diameter Area, Capacity, Grate, 

in sq. in Ib. per hr.! sq. ft. 
t/4 0.0491 15 1 

3/s 0.1104 30 1.5 
i/e 0.1963 60 2 
a/4 0.4418 130 3 
l 0.7854 230 4 

L'/, 1.2272 360 6.5 
1'/2 1.7671 515 9 
2 3.1416 920 14 
2'/s 4.9087 1435 19 
3 7.0686 2070 24 
3'/2 9.6211 2810 29 
4 12.5660 3675 34 
4'/2 15.9040 4650 39 


‘ Capacity of safety valve based on 33'/3 per cent overpressure, valve set to relieve 
at 15 lb. per sq. 1n. 
NoTE 


Where grate area does 


The foregoing table is based upon the following formulas 
Grate area (sq. ft.) 





} Diam. of safety valve,in. = 





not exceed 4 sq. ft. 4 
lene Grate ages . Grate area (sq. ft.) 
Whe és grate — } Diam. of safety valve, in. = doa acne on ts BS 0.6 
exceeds 4 sq. ft. 10 


If liquid or gaseous fuel is used a grate area shall be assumed equal to that which 
would be required if coal were used for fuel 


REVISE TABLES H-7 AND H-11 TO READ AS FOLLOWS: 


MINIMUM ALLOWABLE SIZES OF WATER RELIEF VALVES 
FOR WATER-HEATING BOILERS AND FOR WATER-SUPPLY BOILERS 


Diameter Area of 
of Valve Grate, Rated Capacity in Gallons per Hour 
in sq. ft. 25° Rise 50° Rise 100° Rise 
1.6 540 270 135 
B/, 5.6 1440 720 360 
1 9.6 2520 1260 630 
L'/, 15.75 400 2700 1350 
1! 27 : 10800 5400 2700 
2 49.5 21600 10800 5400 
Notre: The foregoing table is based upon the following formulas 








There > ares 2 : : Grate area (sq. ft.) 
Where grate area does \ Diam. of safety valve, in. = — _! 7 4 O48 
not exceed 12.5 sq. ft. 16 
There grate are: . , , Grate area (sq. ft.) 
Where ee Sean ae } Diam. of safety valve, in. = = 4 + 0.9 
ceeds 12.5 sq. ft. 45 
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Metallurgy for Mechanical Engineers 


MEMBERS of the Society who received their engineering 

training ten or more years ago will recall that the courses 
in metallurgy then taught dealt largely with the smelting and 
refining of metals from their ores. These were considered the 
special interest of students in mining and were generally taken by 
few mechanical engineers. The use of the microscope for the ex- 
amination of metals was confined to laboratory research, and few 
there were who were competent to draw correct conclusions from 
microscopic studies. 

How engineering practice has changed in a few years! Now 
one seldom buys condenser tubes without requiring photomicro- 
graphs to indicate grain size. Special steel castings and various 
alloy products are photomicrographed in the course of ordinary 
production. Welds, bends, and heat-treated sections are examined 
under the microscope, and accurate deductions can be formed from 
such studies. The microscopic study of metals has thus become a 
part of our industrial and commercial practice. 

Metallography is thus established as a feature of present-day 
engineering practice. As more knowledge of the art develops, it 
will be used still more widely. There is every probability that 
metallographic methods will be quite widely used in the coming 
years. Engineers will therefore need information on this subject 
so that they may deal intelligently with problems involving metals 
and their application. 

Busy engineers have little opportunity to study the various able 
works on this subject. Many of these are quite technical in their 
treatment and go into greater detail than is necessary for the 
average engineer. The Publication Committee of this Society 
believed that a series of articles on the subject of the newer metal- 
lurgy written in simple language, would be weleomed by our mem- 
bers. Your editor arranged with an engineer familiar with the 
subject for the preparation of such a series, and the first article 
appears in this issue.' 

The subject is not an easy one to treat in a popular manner, for 
it involves some of the later concepts of matter, some physical 
chemistry, and many new ideas associated with the heat changes 





1 The article published in this issue will be followed by several others 
devoted to the subjects of crystalline structure of metals; heat treatment 
of metals; determination of properties of metals; cast iron and associated 
materials; and alloy steels and irons.—Ebpi1Tor. 
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and heat treatment of metals. In fact, specialists are not in com- 
plete agreement regarding the nature of many of these phenomena. 
The author of the article has endeavored to maintain a judicial atti- 
tude on such subjects and has presented what seems to him to be the 
more generally accepted views. During their preparation these 
articles were reviewed by several engineers familiar with the sub- 
ject, and their suggestions have been incorporated where possible. 

While these articles cannot be expected to make expert metal- 
lurgists of our members, it is hoped that they will familiarize each 
reader with the terminology of the subject and enable him to 
have a clearer appreciation and a better understanding of the 
preparation, use, and interpretation of photomicrographs with 
which he may have to deal in his professional endeavors. 


A. G. CHRISTIE. ! 


Standardizing Drafting-Room Practices 


N THIS issue of MecHantcaL ENGINEERING Mr. F. W. 

Ming presents an exceedingly interesting and what looks to 
be a very valuable piece of pioneer work in standardization. Mr. 
Ming in his effort to secure information regarding drafting-room 
procedures that are in vogue in commercial organizations, corre- 
sponded with 120 manufacturing firms, and the results of his ques- 
tionnaire are recorded briefly in his article. 

A definite conclusion which can be drawn from Mr. Ming’s 
work is the fact that there is an immediate need for standardization 
in American drafting-room practice. Mr. Ming shows where 
many important details of the language of the drafting-room 
might be placed on a common basis, but the question is a much 
broader one. Standardization of drafting-room practice involves 
besides the size of drawings such fundamental matters as the size 
of files and the form and arrangement of drawings. It also in- 
cludes the method of indicating dimensions and the best method 
of showing tolerances. 

Methods of indicating tolerance limits on drawings were dis- 
cussed in the correspondence columns of the April issue of MecHANI- 
CAL ENGINEERING. The many methods which are in vogue or 
which may be used may lead to misunderstanding as to exactly 
what is required. The United States Government is seeking dili- 
gently a proper method which will be universally understood in its 
various departments and by the many suppliers of- material to 
the Government. 

In its broad aspect, the standardization of American drafting- 
room procedure should greatly facilitate the interpretation of 
specifications, it should decrease the costs of preparing drawings 
for all types of machinery and mechanical devices, and, through 
greater mutuality of understanding, should lead to economies 
which cannot always be measured in dollars and cents. 

The wholehearted approval with which Mr. Ming’s efforts were 
viewed by a large number of progressive manufacturers indicates 
that a standardization project properly set up and carried through 
will be welcomed by the industries of America. 

KE. C. Peck.’ 


The Obligation of Safety in Engineering 


T IS a fact that safety engineers are still compelled at times to 

build guards for and even to change designs of equipment, 
notwithstanding such equipment may have been but recently 
purchased, and accordingly would be expected to be up to date 
in all respects. 

The purchaser is somewhat to blame for this situation, as he 
has usually stressed the necessity for high efficiency and quality 
as well as low price, giving insufficient thought to safety features, 
with the result that the apparatus has tended to reflect most 
strongly these characteristics, and not infrequently at the expense of 
safety. It must be admitted, however, that designers, manu- 
facturers, and selling agencies have in many instances failed to 
appreciate the safety problem at its full value. 

An evidence of this is the entire omission of the subject of safety 





1 Professor of Mechanical Engineering, Johns Hopkins University, Balti- 
more, Md. Manager, A.S.M.E. ; 
? Chairman, A.S.M.E. Standardization Committee. 
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from the meeting programs of many organizations which should 
be vitally interested, or else its relegation to an obscure place in 
their discussion; and only recently has there commenced to be a 
realization on the part of such organizations of the necessity of 
according it recognition. 

Safety, instead of being the simple subject it was originally 
thought, is now seen, by those who have studied it, to be one of 
the most complex, and it would be a bold individual indeed who 
would attempt to define its field. 

This failure to appreciate the problem is largely due to the lack 
of contact between manufacturer and ultimate user, and has led 
not only to many installations of equipment being either wrongly 
made or not applied to best advantage, but, what is of even more 
importance, the user has been prevented from transmitting back 
to the manufacturer data gained as the result of experience, which, if 
embodied in the person of a designer, would command a large salary. 

It is believed that a closer coéperation between the National 
Safety Council, whose membership contains a very large number 
of experienced safety engineers, representing many varied indus- 
tries and utilities, and leading organizations like The American 
Society of Mechanical Engineers, together with the various trade 
associations in each industry, will assist in bridging this gap. 

With this idea in mind the officials of both organizations are 
endeavoring to enlarge the present scheme of joint semi-annual 
meetings to include meetings as well between the local chapters 
throughout the country; and it is a foregone conclusion that if 
present plans can be carried into effect, the cause of safety will 
have received a most decided impetus. 

C. B. AUEL.! 


Oil and Gas Power Week 


URING the week of April 20 to 25 there were over one hundred 

meetings of chemists, engineers, operating men, and indus- 
trialists throughout the country to review recent progress in the use 
of oil and gas for power and to point out the need for improved 
technique and greater economy in their use. Seventeen national 
technical and governmental bodies coéperated in the planning of 
the program for the week under the leadership of a committee con- 
sisting of Dr. William F. Durand, Chairman, James F. Norris, 
J. Edgar Pew, C. E. Lucke, W. Trinks, L. H. Morrison and William 
I. Bullock, Corresponding Secretary. Engineers and technologists 
in thirty-four states assisted in the actual conduct of the meetings. 

The National Committee announced an award of a cash prize 
of one hundred dollars for the best contribution suggesting means of 
conserving oil and gas for power purposes, either in the form of a 
paper presented at one of the meetings throughout the country, or of a 
written discussion of a paper, or of an original essay not exceeding five 
thousand words. The National Committee will act as judges and 
contributions must be in their hands not later than June 1, 1925. 

The results of this week of intensive effort and of general dis- 
cussion of problems in the oil- and gas-power field cannot be quickly 
evaluated. That it will be of importance in securing greater under- 
standing of the problems involved in one important phase of power 
generation can be readily conceded, however. In a recent com- 
munication Dr. Lucke, one of the members of the National Com- 
mittee for Oil and Gas Power Week, indicates one useful result that 
should come. He writes: 

“One useful result of the Oil and Gas Power Week activities is 
already assured, and that is a better understanding of each other 
by the several groups concerned through a discussion of their 
respective viewpoints. Out of understanding must come progress, 
and no progress is possible without understanding. 

“As an example of misunderstanding that may be cleared up, 
an editorial in Industrial and Engineering Chemistry of March, 1925, 
may be cited. According to the editor, ‘The automotive engineer 
for example, assumes an unlimited supply of a liquid fuel of definite 
composition and properties. Thus far he has given too little atten- 
tion to the necessarily changing character of this material and has 
left comparatively untouched the very vital problems of flame 
propagation, detonation, carbon formation, and the like, which are 


_ |} Pres., National Safety Council; Mgr. Employees’ Service Dept., West- 
inghouse Elec. & Mfg. Co., East Pittsburgh, Pa. Mem. A.S.M.E. Safety 
Committee. 


MECHANICAL ENGINEERING 


381 


really fundamental to the proper performance of the engine he 
designs.’ 

“This is very interesting but it is not true. The fact that the 
editor of Industrial and Engineering Chemistry should make such a 
statement is of itself conclusive proof that he knows little or nothing 
of what engineers have been doing or are doing with internal- 
combustion engines. No doubt what he says is representative of 
chemists as a class. Gas and Oil Power Week should correct 
these impressions. As soon as the chemist knows the viewpoint 
of the engineer he will be in a position to coéperate in a really effec- 
tive manner. 

“It may confidently be said that all that is really known about 
fuel and its utilization in internal-combustion engines has been 
discovered by engineers and not by chemists, and the same is true 
about lubricants. 

“No more is it true that engineers are insisting upon or assuming 
an unlimited supply of a given fuel of predetermined properties. 
We may make appliances to utilize a given fuel just as the chemist 
may endeavor to produce fuel of a given property, suited to any one 
appliance. There has been among chemists an undue amount of 
attention to the problem, assumed to be the real one, of producing 
in various ways a fuel of given properties adapted to an existing 
utilizing apparatus. On the other hand, engineers have not im- 
posed this condition at all but have done a huge amount of work 
of adapting the appliance to the fuel. 

“The oil engine, and especially the development of the solid-in- 
jection oil engine, is an example of the latter activity, as are the 
various gasoline-producing processes examples of the former. 

“The more complete the exchange of ideas between different 
groups of engineers and between physicists and chemists on the 
one hand and engineers on the other, the more rationally will our 
industrial problems be solved, and the more quickly. Each has 
something to learn from the other, and Gas and Oil Power Week 
should make this clear and mark a real step in accomplishment 
in the desired direction.”’ 


Efficiency of More than 100 Per Cent 


N A PAPER presented by Oscar Brunler before a joint meeting 

of the Institution of Chemical Engineers and the Chemical 
Engineering Group in London on Feb. 11, 1925, a statement was 
made that in certain cases in practice more than 100 per cent 
efficiency was obtained. This means that the amount of heat 
required to evaporate the steam developed during a certain period, 
say, one hour, was greater than the amount of heat contained 
in the fuel burned during that period as determined, for example, 
by the bomb calorimeter. This may have been due, of course, 
as the author himself stated, to some error in the determination 
of experimental values, but he claims that the experiments were 
carried out so carefully that it is unlikely that such an error might 
have happened. If so, then we are dealing with still another case 
where a greater efficiency than the theoretical has been obtained. 

During his experiments to manufacture nitrates Hausser ob- 
served that sometimes efficiencies were obtained that surpassed 
the theoretical output by 90 to 120 per cent. Similar observa- 
tions were made by Haber and Koenig in experimenting with 
electric arcs to manufacture nitric acid. Hahn obtained a calorific 
value 10 to 12 per cent higher than the theoretical calorific value 
of the fuel in passing a stream of steam into an oil flame. To 
these citations may be added a statement made by Lord Kelvin 
as far back as 1852, in which he pointed out that in heating a 
building by burning coal, one might employ an indirect process 
comprising a heat engine and a “warming machine” driven by the 
engine, by means of which the heat delivered to the building might 
be much greater than the heat of combustion of the coal consumed. 
In other words, the system considered merely from the point of 
view of coal consumption would work at an efficiency better than 
100 per cent. 

In a paper presented by A. Altenkirch at the International 
Congress of Refrigeration in New York and Chicago in 1913, an 
installation based on this principle of operation was described, 
and it was claimed that it was actually obtaining in the way of 
heat and ice an efficiency better than 100 per cent. 

_ Of course, in all such cases there is really no efficiency better 
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than 100 per cent and none of them contradicts in any way the 
law of conservation of energy. There is always in them some 
source of energy operating which was not taken into consideration 
initially, a kind of a “hidden asset,”’ and it is due to the neglect of 
this hidden asset that an apparent efficiency of 100 per cent or 
better is obtained. In Kelvin’s case it is the action of the warming 
machine. In the case of the Brunler boiler it is some such thing 
as the action of the ultra-violet rays, which in ordinary boilers is 
made effective by the presence of a metal wall between the flame 
and the water; or it may be some kind of an electrical vibration 
set up by the flame, which again can be effective only when the 
flame is in communication through a non-absorbing body with 
the water. There is also the more or less remote possibility that 
we are dealing here with something in the nature of an atomic break- 
up of matter, and the observation of certain phenomena occurring 
in the Sperry searchlight are would lead to the belief that there is 
at least a chance that something of the sort is taking place. 

The important thing about it all is, however, that under certain 
assumptions—for example, that the total energy of a fuel can be 
determined by a calorimeter test—efficiencies of combustion in 
excess of 100 per cent may be obtained. What such efficiencies 
indicate is not that engineering has succeeded in obtaining some- 
thing for nothing, but that our determinations of the heat value 
of fuels may- prove to be quite unreliable and defective, which 
is worth while bearing in mind. 


Engineering in Railroading 


HE announcement of the retirement of Julius Kruttschnitt 

as Chairman of the Executive Committee of the Southern 
Pacific Railroad which followed shortly after the delivery of his 
address on the Engineer as a Railroad Executive, which forms the 
leading article of this issue, emphasizes the fact that his personal 
contribution to the solution of the transportation problem of the 
country has been a great one. 

Mr. Kruttschnitt in his address has presented an analysis of the 
many complicated problems to be solved daily in railroad operation 
and of the purposes to be accomplished in the transportation in- 
dustry. He has indicated the trend of technical development on 
railroads to reduce the cost per transportation unit. He has 
divulged the secrets of his success in railroad operation. And his 
conclusion is that men trained in engineering are the ones best 
fitted to codrdinate and guide the numerous operating activities on 
railroads and to secure the maximum output of salable product 
at minimum cost. 

Engineering students have a definite impression of the aggressive 
attempts that are made by the electric manufacturing organiza- 
tions, by some public-utility groups, and by representatives of 
other forward-looking industries to secure the best students each 
year to enter their industries. Large manufacturing organizations 
have frequently stated that it is their policy to secure technically 
trained men as the basis for their industrial growth. Railroads 
have never entered into this competition for technically trained 
men, and the schools where courses in railway engineering are taught 
are very few. It is indeed stimulating, therefore, that Mr. Krutt- 
schnitt should thus publicly come before the engineering profession 
and encourage engineers to think of railroading as a life work. 
However, Mr. Kruttschnitt does point out that a large number of 
railroad leaders have risen from the ranks by sheer ability and pluck. 
Mr. Kruttschnitt very wisely, therefore, warns against any activity 
in the railroad field that will stifle the ambition of the large number 
of men in railroad service who have not had the advantage of college 
or technical education. 


Arbitration Laws 


MPORTANT steps have recently been taken to reduce the de- 

lay, expense, and annoyance that industries suffer through re- 
course to court action to settle business disputes. On February 12, 
1925, President Coolidge signed the United States Arbitration Act, 
and on February 25, 1925, Governor Walter M. Pierce approved an 
arbitration act for the state of Oregon. New York and New Jersey 
have had arbitration acts since 1920 and 1923, réspectively. The 
principles embodied in these four laws are fundamentally the same 
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and may now be considered to represent American policy for the 
settlement of business disputed by arbitration instead of through 
litigation. According to this policy, an agreement to arbitrate 
an existing dispute or the inclusion in a contract of a clause stipu- 
lating that any dispute arising under the contract is to be arbitrated, 
is valid, enforceable, and irrevocable, and the award made by the 
arbitrator becomes the judgment of the Court. The arbitrators, 
who are selected by the parties to the controversy, have the power 
of a judge to issue subpoenas, compel the production of books and 
papers, place witnesses under oath, etc. Hearings are private and 
proceed without technical rules in evidence, each side telling its 
story in its own way. Disputes can therefore be arbitrate sspeedily 
and inexpensively, and, because the proceeding is voluntary and 
amicable, friendly business relationships between parties are usually 
retained. 

The United States Arbitration Act provides for the arbitration 
of disputes arising out of contracts, maritime transactions, or com- 
merce among the states or territories or with foreign nations. It 
does not apply to contracts of employment of seamen, railroad em- 
plovees, or any other class of workers engaged in foreign or inter- 
state commerce. 

The procedures embodied in these arbitration acts should pro- 
vide for prompt settlement of disputes with the elimination of a 
great deal of industrial waste. Under such conditions engineers 
in industry will be thoroughly sympathetic with efforts made to 
establish a legal basis for commercial arbitration. Arbitration 
bills similar to those at present in force are up for consideration 
by the legislatures of California, Indiana, Massachusetts, Minne- 
sota, Mississippi, North Carolina, and Rhode Island. 


Testimonial to Edward Dean Adams 


‘THE remarkable achievements of Edward Dean Adams in en- 

gineering and finance were extolled at a testimonial dinner on 
April 9, the date of his seventy-ninth birthday. Over three hun- 
dred friends and associates of his long, eventful career were present 
to extend felicitations, and over three hundred others sent greetings 
from all parts of the world. The function was a wonderful tribute 
to a man whose life has embodied splendid contributions to en- 
gineering achievement and financial leadership, as well as patronage 
of science, art, and literature. 

Dr. William F. Durand, President of The American Society of 
Mechanical Engineers, acted as master of ceremonies and intro- 
duced the speakers of the evening, A. Monroe Grier, President 01 
the Canadian Niagara Power Company, and William Nelson 
Cromwell, a corporation counselor of international standing. 

Mr. Grier spoke specifically of Mr. Adams’ achievement in mak- 
ing the dream of harnessing Niagara a reality, which he brouglit 
about as the first president of the Cataract Construction Company. 
He paid tribute to the genius of Mr. Adams in guiding the delibera- 
tions of the International Commission which settled the technica! 
problems involved, including the major items of voltage and 
frequency. He stressed Mr. Adams’ high integrity and organiz- 
ing ability which secured the financial support of the elder 
Morgan. Mr. Grier also pointed out as important elements in 
the success of this project Mr. Adams’ unswerving faith in alter- 
nating current, in large direct-connected generating units, and 
in long-distance transmission on a big scale. All of these were 
necessary to the commercial success of the project and were ad- 
vanced in the face of great opposition. Mr. Grier characterized 
Mr. Adams’ achievement as an exemplification of individual 
enterprise and pioneer courage which marks the full vigor of the 
English-speaking world. 

Mr. Cromwell traced the important achievements of Mr. Adam- 
in financing and upbuilding of a large number of industrial and 
transportation organizations. He also dealt with Mr. Adams’ 
association with scientific, artistic, educational, and charitable 
organizations, and paid high tribute to his capacity for friendship, 
his modesty, and his intense interest in the broader contacts of life. 

At the close of these two addresses Dr. Durand presented to 
Mr. Adams an illuminated testimonial of esteem which was em- 
bodied in a friendship volume. In response Mr. Adams expressed 
deep appreciation for the honor that had been conferred upon him 
at the dinner. 
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John F. Stevens Receives John Fritz Medal 


In Recognition of His Distinguished Services as : 


v Civil Engineer, Particularly in Connection with 


the Panama Canal and as a Builder and Administrator of Railways 


PRESENTATION of the John Fritz Medal was made to John 

F. Stevens in the Engineering Societies Building on Monday 
evening, March 28, 1925, in recognition of his distinguished services 
as a civil engineer, particularly in connection with the Panama 
Canal, the building of railroads, and as administrator of the Chinese 
Eastern Railway and of the Trans-Siberian Railway. Addresses 
were made by Ralph Budd, president of the Great Northern 
Railway, and by the Hon. Roland 8S. Morris, former Ambassador 
from the United States to Japan 
Presentation of the medal was made 
by Charles F. Rand, Chairman of the 
John Fritz Medal Board of Award. 
John R. Freeman presided. 

Mr. Stevens has had one of the most 
spectacular careers of any engineer 
who has ever been honored by the 


award of the John Fritz Medal. The 
international aspect of his achieve- 
ments is eloquently proven by the 


honors which have been be- 
stowed upon him. He is an offices 
of the Legion of Honor of France, the 
recipient of the Distinguished Service 
Medal of the United States, of the 
Order of the Rising Sun of Japan, 
of the Order of the Golden Grain of 
China, of the Order of the Striped 
Tiger of China, and of the War Cross 
of the Republic of Czechoslovakia. 
Through the award of the John Fritz 
Medal by the unanimous action of 
representatives of the 


engineering societies, 


unusual 


four national 
he has how re- 
ceived the highest honor in the power 
of the American engineering profession 
to bestow. 

The importance of John F. Stevens’ 
contribution in the field of engineer- 
ing as applied to transportation prob- 
lems, and in the broader field of in- 
ternational diplomacy, was the theme 
of the addresses at the presentation 
ceremonies. Mr. Budd, whom Mr. Stevens describes as ‘‘one of 
my old boys,” told the story of Stevens’ lifework until he went 
to Russia. Mr. Morris took up the narrative at this point and 
discussed the contribution which Mr. Stevens made to the trans- 
portation problems of Europe and Asia. 

Relating the story of the discovery of Marias Pass, Mr. Budd 
gave evidence of his keen insight into the characteristics which 
made Mr. Stevens a successful engineer. Early in 1889 the latter 
had been assigned the task of locating the best line for a road for 
James J. Hill through the Rocky Mountains. ‘A less thorough, 
less courageous engineer,” said Mr. Budd, ‘‘would have accepted 
the general locality of Helena as the most available for crossing 
the Rockies, as it had been accepted almost without question for 
eighty years, and would have located the Pacific extension of the 
Great Northern through some feasible outlet known to exist in 
that part of the mountains. What John F. Stevens did was 
characteristic of the man, his methods and his ability. .... enone 

“His reconnaissance carried him well into the winter, and his 
persistent search enabled him to report that on December 11, 
IS89, he had located and surmounted Marias Pass, about 125 
miles north of the passes in the vicinity of Helena and on the line 
of the direct route westward........ On the last lap of the explora- 
tion of Marias Pass he was accompanied only by a half-breed 
Indian, as no one else would venture into the mountains so late 
in the year. Carrying their packs on their backs they had reached 
a point about five miles from the actual summit when Stevens’ 





JOHN F. 


companion became exhausted and had to be left at camp, if an 
open fire on ground cleared of two feet of snow can be called a 
camp. From there he went alone through the Pass and far enough 
to make sure he was in Pacific drainage. Alone that night at 
the summit he tramped to and fro to keep from freezing, and in 
the morning came back to his Indian only to find the fire out and 
the fellow half-frozen. ...... 

“At one stroke the discovery of Marias Pass shortened the pro- 
posed line to the Coast by over 100 
miles, afforded far better alignment, 
much easier grades, and much less rise 
and fall. In grateful recognition of 
this service the Great Northern Rail- 
way has caused a heroic bronze statue 
of Mr. Stevens, as he then appeared, 
to be executed, and it will stand per- 
manently where he spent that memor- 
able night in December, 1889.” 

From his engineering achievements 
in the West Mr. Budd followed Mr. 
Stevens to the Panama Canal where 
he went in 1905 with work practically 
at a standstill, the Isthmus in an un- 
healthful condition, the rainy season 
at its height, and the only means of 
transportation the Panama Railroad, 
which was practically broken down. 
He went about his tasks there quietly 
and unassumingly, but unhesitatingly. 
He laid plans and created an organ- 
ization so efficiently that before the 
end of 1906 announcement was made 
that the Canal could be formally 
opened by January 1, 1915. The 
period of planning and organizing was 
nearly over by 1907, and with an able 
administration, was assured. 
Mr. Stevens returned to the States 
in April of that year, and probably 
the greatest tribute ever paid him was 
the universal regret felt among the 
30,000 workers of all classes and con- 
ditions when they knew a change of administration was at hand. 

Former-Ambassador Morris told of Mr. Stevens’ remarkable 
work in Russia where he went in May, 1917, as head of the Ameri- 
can Railway Advisory Commission to study the problem of Russia’s 
railroad breakdown and was subsequently appointed advisor to 
the Russian Government under the Kerensky régime. The diffi- 
culties attending the problems of keeping an avenue open through 
which raw materials and food might flow by means of the Chinese 
astern Railway and the Trans-Siberian Railway were accentuated 
by international complications which were the results of the times 
and the War. Japan, China, Great Britain, and the United States 
were all interested in keeping Siberia in a condition industrially 
which would be working toward eventual stabilization. In 1919 Mr. 
Stevens was appointed president of the Inter-Allied Technical 
Board, which faced the problem of working out the operation of 
the Trans-Siberian system in a country torn by civil war and men- 
aced by the jealousies of factions and conflicting nationalities. 

Referring to this part of Mr. Stevens’ career, Mr. Morris said: 
“We have Mr. Stevens to thank that today two great Russian 
highways are preserved to the Russian people and open to world 
trade. The time came when our own troops guarding the rail- 
roads in Siberia were removed. Popular feeling was very much 
against it and the men wanted to go home. But at the request 
of the Russians, Mr. Stevens consented to remain with them, and 
with only one or two assistants he continued to superintend the 
operation of the great Trans-Siberian system, thus occupying : 


success 


World 


Courtesy N. Y. 


STEVENS 
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position unique in the history of American engineering. Quite 
alone he completed the task he had undertaken. From a small 
apartment in Harbin he exercised a moral influence during that 
period of reconstruction in the Far East the results of which will 
continue to operate long after our generation shall have passed 
away. It was an extraordinary service which he rendered and we, 
his friends and co-workers, are proud to join with his professional 
colleagues in giving him the supreme recognition of a task faithfully 
performed.” 


President Appoints Muscle Shoals Commission 


OPE that was aroused by the adoption by Congress of a reso- 

lution asking the President to appoint a commission to report 
on the Muscle Shoals project has been dashed by the announce- 
ment of these who are to serve on this commission. 

John C. McKenzie, a former congressman from Illinois, will 
act as chairman, and the other members are Nathaniel B. Dial, 
former senator from South Carolina, Russell F. Bower, of the 
American Farm Bureau Federation, Prof. Harry A. Curtis, of Yale 
University, and William McClellan, of New York. 

Professor Curtis is professor of chemical engineering at Yale. 
He was called in consultation by the United States Department of 
Agriculture when reorganizing its fertilizer research. He was at 
one time executive officer of the Nitrogen Research carried on by 
the Army. He directed the world nitrogen survey conducted 
recently by the Department of Commerce. He is a graduate of 
the University of Colorado and holds a degree from the University 
of Wisconsin. 

Mr. McClellan is an electrical engineer, a graduate of the Uni- 
versity of Pennsylvania, and at one time dean of Wharton School. 
He is a past-president of the American Institute of Electrical Engi- 
neers and has had broad experience in the electrical field. He is 
at present a member of the firm of Payne, McClellan, and Campion, 
and president of McClellan and Junkersfeld, consulting engineers. 

Ex-Senator Dial has large cotton-mill holdings and is familiar 
with the power problems of the Southeast. Mr. Bower has been 
interested in the relationship of Muscle Shoals to agriculture and 
has been employed for some time by the American Farm Bureau 
Federation. 

The Commission is empowered to examine into and report to the 
President upon the most practical method or methods of utilizing 
to the best advantage the Muscle Shoals facilities. One hundred and 
twenty thousand dollars is available for the Commission’s use. 

The Low report presented by a Committee of the American 
Engineering Council expressed unanimous agreement that no dis- 
position of the Muscle Shoals plant should be decided upon until 
a thorough investigation of the whole problem had been made by a 
disinterested technical commission. Of the newly appointed com- 
mission only two are technicians, and though both are men of ex- 
cellent standing and high caliber, they are pitted against three 
politicians who have publicly declared themselves on the disposition 
of Muscle Shoals. The successful performance by the two tech- 
nicians of the task of collecting all of the facts and bringing to bear 
sound judgment upon the problem, seems almost too much to expect. 


The Patent Office 


Y EXECUTIVE order President Coolidge has transferred 
the Patent Office from the Department of the Interior to the 
Department of Commerce. This move is in accord with the 
proposed federal reorganization recommended by the joint Congres- 
sional Committee, but it is the only step possible without Congres- 
sional action. 

This change brings to the Department of Commerce the super- 
vision of inventions that have built up our modern industrial sys- 
tem and a building nearly ninety years old whose architecture 
has inspired many public buildings in Washington and which has 
housed many Government bureaus and offices in their early stages 
of development. 

The Secretaries of the Interior and of Commerce joined in the 
recommendation that the jurisdiction of the Patent Office be 
changed because of the obvious purpose of the Patent Office as a 
scientific and legal instrument for developing industry. The 
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Patent Office is closely related to the Bureau of Standards and the 
Bureau of Foreign and Domestic Commerce, both of which are in 
the Department of Commerce, so that the placing of the Patent 
Office also in the Department of Commerce should bring about 
some economies in operation. 

In a public statement made shortly after taking over the Patent 
Office, Secretary Hoover announced that it would be his first duty to 
undertake a vigorous campaign to remove present injustices toward 
American patentees and American manufacturers that exist be- 
cause of the character of the patent laws in other countries. At 
the present time in many foreign countries the American patentee 
is required to manufacture continuously in those countries under 
his patent or lose his patent rights. There is no such requirement 
in the United States. As a consequence American inventors 
and manufacturers have been forced to establish factories abroad 
to protect their inventions, whereas foreign patentees have been 
able to use their United States patents to prevent manufacture 
here. The foreign patentee by registering his patent in the United 
States can hold it for seventeen years and prevent manufacture of 
the article in the United States. 

At an International Convention for the Protection of Industrial 
Property to be held at the Hague on October 8, 1925, the American 
Government will make proposals for the equitable treatment of 
patentees in all countries. Failing to secure justice in this conven- 
tion, Secretary Hoover proposes to ask for a complete revision of 
the patent laws of the United States to secure it. 

Through the support of Congress and the administration of the 
Commissioner of Patents, the period after the receipt of an applica- 
tion until that application could be considered has been reduced 
from fifteen months—which was the condition four years ago 
to seven months. Secretary Hoover hopes that continued vigorous 
administration will bring the Bureau to date within two years. 

When the Patent Office was under the Department of the In- 
terior, Secretary Work appointed a committee to investigate 
patent procedure and make recommendations to secure more 
prompt and thorough consideration of patent applications. Secre- 
tary Hoover has continued this committee and requested the 
A.S.M.E. to appoint two engineers experienced in the organiza- 
tion of office methods. Dr. Durand has appointed Wallace Clark 
and W. H. Leffingwell, of New York. 


Reorganizing the Engineering Work of the 
Government 


,,NGINEERS of the United States have given a great deal of 
consideration from time to time to general problems of Govern- 
ment reorganization, paying particular attention to the importance 
of bringing the various engineering functions of the Government 
into a more logical relationship. The American Engineering Coun- 
cil is now, through its Committee on Government Relationship 
of which Gardner 8. Williams of Ann Arbor is chairman, taking 
up the various plans for Government functionalization and wil! 
submit the matter for discussion to the member bodies of the Amer- 
ican Engineering Council. 

Reorganization plans are first directed to the Department of the 
Interior which has been aptly characterized as “Uncle Sam's 
waste basket.” The plan to be supported by the American En- 
gineering Council provides for two Assistant Secretaries of the 
Interior, known as the Assistant Secretary for Public Domain and 
the Assistant Secretary for Public Works. The Assistant Secretary 
of Public Domain is to have charge of the administration of Alask« 
and Hawaii, the operation of Indian Lands and Reservations, the 
General Land Office, the Geological Survey, the National Park 
Service, and the Federal Power Commission. The duties of the 


Assistant Secretary of Public Works will include the supervision - 


of the operation of public roads, supervising architect’s office, 
the Alaskan Engineering Commission, Reclamation Service, the 
Board of Road Commissioners of Alaska, the Bureau of Engineers 
for Rivers and Harbors, the Mississippi River Commission, the 
Colorado Debris Commission, the Commission of Fine Arts, Super- 
intendent of State, War and Navy Buildings, the Architect of the 
Capitol, and the Rock Creek and Potomac Parkway Commission. 
The majority of these activities have been transferred from the 
Departments of War, Agriculture and Treasury. 
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Advisory Committee on Standardization 


To Focus the Influence of Industrial Leaders upon the National Standardization Program: Coéperative 
Effort of Industry and Government under the Guidance of the A.E.S.C. 


HE American [engineering Standards Committee has secured 

the coéperation of American business and will have the sup- 
port of its power and prestige in the extensive program of standard- 
ization which is fast gaining momentum. The first step in the cam- 
paign is the formation of a committee of five first-line executives, to 
act as an advisory body to the A.E.8.C. This committee will con- 
sist of J. A. Farrell, president of the U.S. Steel Corporation; G. B. 
Cortelyou, president of the Consolidated Gas Company, New 
York; J. W. Lieb, vice-president of the N. Y. Edison Com- 
pany; L. F. Loree, president of the Delaware & Hudson Company, 
and Gerard Swope, president of the General Electric Company. 

In focusing the united in- 
fluence of big industries of 
national and international 
ramifications on the Ameri- 
can Engineering Standards 
Committee program, the 
committee of five just formed 
will emphasize what is re 
garded the fundamental 
principle of standardization: 
namely, that standardizing 
must facilitate and stimulate, 
ind not hinder, industry. 

The committee will assist 
in keeping executives in touch 
with the national movement 
in its development, in extend- 
ing its influence and support both in- 
tensively and extensively among industrial 
groups and in bringing about the fullest 
cooperation along right lines between 
industry and government in standardiza- 
tion work, and particularly in the solu- 
tion of the problem of industrial waste, 
into which Secretary Hoover has thrown 
the resources of the Department of Com- 
merce. 


as 


Tnderwood and Underwood 


Geo. B. Corteryo James A 


The acceptance of appointment on this 
committee by men of such high stand- 
ing marks a definite recognition of the 
fact that standardization has now become 
a managerial problem of the first rank L 
in industrial production, distribution, 
and utilization, and as such deserves the fullest industrial support. 

The American Engineering Standards Committee, organized in 
1918 by the four national engineering societies, has been engaged 
i standardizing work on a national basis since that time, repre- 
senting a membership of 34 national organizations, including nine 
engineering societies, 18 industrial associations, and seven depart- 
ments of the Federal Government. It serves primarily as a national 
clearing house for engineering and industrial standardization, with 
the purpose of coérdinating standardization work in the indivi- 
dual industries effected by associations, societies, and governmental 
agencies into a unified system of national standardization. 

It is significant that about 250 organized trade, technical, in- 
dustrial and governmental bodies are coéperating with the Ameri- 
can Engineering Standards Committee, and have about 1200 
accredited representatives on its various working sub-committees. 
This extensive participation in the Committee’s work assures the 
acceptance and actual adoption of the national standards thus 
worked out and approved. To date, some 170 standardization 
projects are actively under development or have reached the stage 
of approved standards. 

The procedure of the A.E.S.C., which relies on the round-table 
conference for the solution of the serious problems of standardiza- 
tion, has met with unqualified success, as demonstrated by the 
rapid growth of projects and the excellent progress in securing 


Underwood and Underwood 


I’. LorRErE 








approve. standards. The conference method has decided ad- 
vantages in that it focuses the attention of all organizations and 
interests concerned on the subject, affords a definite access to the 
technical and trade press for giving wide publicity to the project, 
and gives early opportunity for opposing interests to smooth out 
difficulties under the most advantageous circumstances. 

In a real sense the A.E.S.C. is a movement rather than a formal 
organization—a codperative movement which will be greatly 
helped by the guidance of the Advisory Committee. 

This new plan to intensify the national standardization move- 
ment by lending the American Engineering Standards Committee 
the support of an advisory 
committee made up of leaders 
of the largest industries of 
the country, had its incep- 
tion at a dinner given by 


J. A. Farrell, president of 
the U. 8S. Steel Corpora- 
tion; John R. Freeman, 


president, Manufacturers 
Mutual Fire Insurance Com- 
pany, Guy E. Tripp, chair- 
man, and E. M. Herr, presi- 
dent of the Westinghouse 
Electric and Manufacturing 
Company. In addition the 
following were present at 
the dinner: 
Water R. Appicks 
dated Gas Company 
M. W. ALEXANDER, Managing Director, Na- 
tional Industrial Conference Board 
W. W. ArrerBury, Vice-President, 
sylvania Railroad 
Witurs Boorn, President, 
Chamber of Commerce 
Joun A. Cor, President, American Brass Co. 
C. P. Coreman, President, 
Pump & Machinery Co. 
Epwarp J. Cornisu, President, National Lead 
Company 
Geo. B. CortTetyou, President, Consolidated 
Gas Company 
J. M. Davis, President, Manning, Maxwell & 





Bachrach 


FARRELL Joun W. Lies 


Vice-President, Consoli- 


Penn- 


International 


Worthington 


Underwood and Underwood Moore 
a Henry L. Dounerty, President, Henry L. 
GERARD Swope Doherty & Co 

Cot. Joun H. Finney, Mer., Washington 


Office, Aluminum Company of America 

NorMAN J. GouLp, President, The Gould Manufacturing Company 

Bancrort GHERARDI, Vice-President, American Telephone & Telegraph 
Co. 

Dr. Frank B. Jewert, Vice-President, American Telephone & Telegraph 
Co. 

Ropert LaMont, President, Steel Foundries Corporation 

J. W. Lips, Vice-President, New York Edison Company 

L. F. Lorer, President, Delaware & Hudson Company 

James H. McGraw, President, McGraw-Hill Company 

E. J. MeHREN, Vice-President, McGraw-Hill Company 

FRANK W. Situ, Vice-President, United Electric Light & Power Co. 

L. S. Srorrs, President, The Connecticut Company 

CHARLES B. Secer, President, United States Rubber Company 

A. A. STEVENSON, Vice-President, Standard Steel Works Company 

GERARD Swope, President, General Electric Co. 

A. W. Wuirney, Associate General Manager, National Bureau of Cas- 
ualty & Surety Underwriters 

C. E. SKINNER, Chairman, American Engineering Standards Committee 

P. G. AGNEw, Secretary, American Engineering Standards Committee. 


The International Electrotechnical Commission met at The 
Hague from April 16 to 23. Representatives from the United 
States included Dr. C. H. Sharp, president of the U. S. National 
Committee, Dr. C. O. Mailloux, honorary president of the Com- 
mission and also of the U. 8. Committee, C. E. Skinner, East 
Pittsburgh, Pa., L. E. Elden, Boston, Mass., S. E. Doane, Cleve- 
land, Ohio, and E. A. Snyder, Pittsfield, Mass. 
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A.S.T.M. Metal Committees 


LEVEN committees constituting the metal section of the 

American Society for Testing Materials held meetings at the 
Bellevue-Stratford Hotel in Philadelphia on March 18, 19 and 20, 
which were attended by about 234 members and visitors. These 
committees were Committee A-1 on Steel, Committee A-2 on 
Wrought Iron, Committee A-3 on Cast Iron, Committee A-4 on 
Heat Treatment of Iron and Steel, Committee A-5 on Corrosion 
of Iron and Steel, Committee A-9 on Ferro Alloys, Committee B-1 
on Copper Wire, Committee B-2 on Non-Ferrous Metals and Alloys, 
Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys. 
Committee D-14 on Screen Wire Cloth, and Committee E-4 on 
Metallography. 

The Committee on Heat Treatment of Iron and Steel will submit 
to the A.S.T.M. at its annual meeting in June an extensive re- 
vision of the recommended practice for the heat treatment of case- 
hardened carbon steel. The Committee will at that time also 
propose a program of fundamental research in the heat treatment of 
wrought iron. 

The Committee on Wrought Iron is actively engaged in the chem- 
ical analysis of bar iron. This committee also joins in recom- 
mending research in the heat treatment of wrought iron. 

At the meeting of the joint Research Committee of the A.S.M.E. 
and the A.S.T.M. on Effect of Temperature on the Properties of 
Metals, details of the test program and methods of financing were 
discussed. 

The Committee on Cast Iron plans a study and tabulation of 
existing practice in varying the composition of pig iron for different 
grades of casting. This Committee voted to adopt a revised test 
bar 1.2 in. in diameter and tested on supports 18 in. apart. 

The Committee on Corrosion of Iron and Steel received a pro- 
posed plan for field tests of metallic coatings. This Committee 
has a number of projects under way to test the corrosive effects 
on galvanized sheets, structural shapes, wire fencing, etc. 

The Committee on Steel adopted for submission to the Society 
in June tentative specifications for structural silicon steel. The 
Committee will ballot by mail on tentative specifications for carbon- 
steel castings for valves, flanges, and fittings for high-temperature 
service up to and including 750 deg. fahr. The Committee ap- 
proved a recommendation that specifications for spring steel be 
revised to include tolerances that will agree with those adopted by 
the American Railway Association. 

The Committee on Corrosion of Non-Ferrous Metals and Alloys 
stated that actual test work would begin soon on accelerated cor- 
rosion tests on samples of nickel, zinc, lead, copper, aluminum, 
and Admiralty metal. Six corrosive solutions will be used. 

The Committee on Non-Ferrous Metals and Alloys recommended 
that the Society’s specifications for Muntz metal condenser tubes 
and brass condenser tubes be adopted as standard. New specifica- 
tions for aluminum-base casting alloys in ingot form will be prepared. 

Dr. Carl Benedicks, Director of the Metallographic Institute 
Stockholm, Sweden, addressed the members at luncheon on Friday, 
March 20. 


Research in Engineering Education 


‘THE present method of admitting students to engineering 

courses and the lack of proper vocational guidance for high- 
school boys are definitely stated as the two outstanding causes for 
the elimination of a large number of students from such courses in a 
preliminary report on an investigation of engineering education 
being conducted by the Society for the Promotion of Engineering 
Education. Prof. H. P. Hammond, associate director of the in- 
vestigation, states that the records of approximately seventy 
thousand students admitted to engineering schools during the past 
twenty years show that for one hundred admitted forty are grad- 
uated and thirty graduate regularly with their class. 

Professor Hammond presents some interesting facts about quality 
of preparation and admission requirements. While a number of 
institutions express satisfaction with the quality of preparation, 
and some believe that the last ten years have brought well-defined 
improvements, a considerable number note a progressive change 
for the worse. The most serious defects in preparation appear to 
be in mathematics and in English. This matter of entrance quali- 
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fications is important but it is one which the educational institutions 
can control, and as such is not of immediate concern to the engineer- 
ing profession. 

However, the question of a thorough understanding as to the real 
purpose of the engineering profession on the part of prospective 
students is one in which the engineering profession at large is keenly 
interested and has a direct responsibility. Professor Hammond 
states that “less than fifty per cent of freshmen after from one to 
four months of a college course are able to give other than a very 
vague and ill-founded statement as to the scope of engineering and 
the work of an engineer, nor do they (as far as the evidence is avail- 
able from the present studies) have any adequate conception of the 
particular field of engineering which they have decided to enter.” 
Professor Hammond further suggests that engineering colleges 
can assist high-school students who contemplate taking an engineer- 
ing course by providing them with facts regarding engineering as a 
life work. Undoubtedly the engineering schools are most intimately 
concerned in securing the right type of material, but the engineering 
profession as a whole has a responsibility in this matter which it 
should not transfer entirely to the shoulders of the faculty of the 
engineering school. 

Professor Hammond shows that fifty per cent of the eliminations 
are due to scholastic difficulties. Studies are in progress to ascertain 
the more fundamental causes of scholastic failures. 


Vehicular Tunnel Claims Another Victim 


ERBERT HOOVER once characterized the engineering pro- 

fession as a group of men whose passion it is to build and 
construct. This passion is guiding in all engineering problems 
big and small, and is revealed by the self-sacrifice, the devotion to 
duty, and the conscientious attention to detail which successful 
engineering entails. But even in the achievement of the spec- 
tacular engineering feat whose magnitude the public can compre- 
hend, there is still no general appreciation of the contribution of the 
engineer. While it is one of the tragedies of engineering that success 
does not always bring fame, the truly great engineer feels it not, 
for he seeks only the satisfaction that comes from having done his 
work well. 

Last December we recorded the passing of Clifford Holland, a 
master builder of tunnels, on the eve of “holing through” the great- 
est subaqueous tunnel in the world. Holland’s life work was tunne! 
building, and he achieved success at the cost of his life. His 
duties as chief engineer of the New York-New Jersey Vehicular 
Tunnel were taken up by Milton H. Freeman, who in turn sacri- 
ficed his life to the work. Mr. Freeman’s conscientious devotion 
to duty had weakened his resistance to disease and he died of 
pneumonia. 

Holland and Freeman are “heroes of peace.’’ Their names 
should be honored of all men and their careers should be recorded 
for the inspiration of young engineers. 


Eliminating Labor Wastes 


HE identity of the interests of the owner, manager, and 

worker in a modern industrial enterprise with those of the 
public in the reduction of waste due to misunderstanding and 
suspicion between the various groups was emphasized at a luncheon 
of the New York Industrial Round Table on April 11. The topic 
of discussion was, Eliminate Industrial Waste—-Minimize Industrial 
Controversy. 

Alton B. Parker, president of the National Civie Federation, 
presided, and the gathering was addressed by Herbert Hoover, 
Secretary of Commerce, William Green, .president of the American 
Federation of Labor, and Gerard Swope, president of the General 
Electric Company. The attendance was a remarkable cross- 
section of present-day activity, being made up of bankers, business 
executives, engineers, labor leaders, and clergy. 

The luncheon was a step in the direction of bringing coéperative 
thinking to the problems of industrial growth. The millenium 
of peace in industry is still far removed and will come only with a 
fundamental change in human nature, but with an appreciation of 
the common interest in cheaper production, much of the bitterness 
of labor struggles will be lost. 
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Book Reviews and Library Notes 





THE Library is a cooperative activity of the A.S.C.E., the A.1.M.E., the A.S.M.E. and the AI.E.E. It is administered by the 


United Engineering Society as a public reference library of engineering and the allied sciences. It contains 150,000 volumes and 


pamphlets and receives currently most of the important periodicals in its field. 


It is housed in the Engineering Societies Building, 29 


West 39th St., New York, N. Y. In order to place its resources at the disposal of those unable to visit it in person, the Library is pre- 
pared to furnish lists of references to engineering subjects, copies of translations of articles, and similar assistance. Charges sufficient 


to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North America. A 
rental of five cents a day, plus transportation, is charged. In asking for information, letters should be made as definite as possible, so 


that the investigator may understand clearly what is desired. 





The Library and Its Service 


HERE appears below a list of references on the Flettner rotor 
ship which has attracted so much attention recently in marine 
circles. The list indexes the articles that have appeared in tech- 
nical periodicals since attention was first directed to the rotor ship. 
The list also shows the work that the Library does for subscribers 
to its reference-card service, for these references were collected day 
by day as the various periodicals were received and copied on cards 
which were mailed every week to subscribers. By this arrange- 
ment subscribers were kept promptly informed of each new de- 
velopment, with a minimum of trouble and at small expense. 
The Library offers reference service of this kind on any engineer- 
ing topic. The cost varies with the amount of material sent, the 
minimum charge being ten dollars a year. 
Inquiries concerning reference-card service should be addressed 
to the Engineering Societies Library, 29 West 39th Street, New 


York. 


FLETTNER Roror SHip—ENGINEERING SOcIETIES LIBRARY 


Das Walzensegel von Flettner. (Flettner’s rolling sail), 1924. (In Zeit. 
des Ver. Deut. Ing., v. 68, p. 1218.) A brief description of the Flettner 
rotor ship. Diagrammatic sketches given to show the principle of 
operation and the type of construction. 

Die Aerodynamik der neuen Flettner-Erfindung. (The aerodynamics of 
the new Flettner discovery), 1924. (In Zeit. fur Luftschiff., v. 28, 
p. 281-284.) Describes the Flettner rotor ship with illustrations of 
constructional details, and the principle of the Magnus effect. 

Heyn, R. P. Der Magnus Effekt. (The Magnus effect), 1924. (In 
Schiffbau, v. 25, p. 803-806.) Describes the Flettner rotor ship, which 
uses cylindrical sails. The origin of the name “Magnus Effect”? and 
the early work of Professor Magnus are outlined. Sketches showing 
principle and construction. 

Patzak, C. Der Magnus-effekt und das Flettner Rotorschiff. (The 
Magnus effect and the Flettner rotor ship), 1924. (In Kali-Zeit. fur 
Gewin. Verarbeit. u. Verwert der Kaliz., v. 18, p. 364-368.) Some 
facts about Professor Magnus and his work, with a description of the 
Flettner rotor ship, its construction and principle of operation. 

Rotor Ship. Shipbidr. (Feb. 1925), v. 32, p. 107-108. 

Flettner’s Sailless Ship Explained. Jl. Am. Soc. Naval Engrs. (Feb. 1925), 
v. 38, p. 145-148. (From Power, Dec. 30, 1924.) 

Flettner Rotor Ship. Automot. Ind. (Feb. 26, 1925), v. 52, p. 364-365. 

Anton Flettners Erfindungen. Zeit. des Ver. Deut. Ing. (Dec. 6, 1924), 
v. 68, p. 1270. 

Anton Flettners Erfindungen. Zeit. Osterr. Img. u. Arch. Ver. (Jan. 9, 
1925), v. 77, p. 7-10. 

La Roto Flettner. M. Richard. Bull. Tech. du Bur. Veritas (Dec. 1924), 
no. 12, v. 6, p. 226-228. 

Rotor Motor for Aerial Transport. So. Afr. Power Engr. (Jan. 1925), v. 
10, p. 31. 

The Flettner Sailless Ship. C. H. Bornemann. Purdue Engng. Rev. (Jan. 
1925), v. 20, p. 9 and 22. 

The Flettner Rotor Ship. Von A. Flettner. Engng. (Jan. 23, 1925), v. 
119, p. 117-120. 

Flettner Rotor Ship. English Mechanics (Jan. 16, 1925), v. 121, p. 3-4. 

Flettner Rotor and Aircraft. Aeroplane (Jan. 28, 1925), v. 28, p. 82. 

Magnus Effect. Marine Engng. (Feb. 1925), v. 30, p. 95-6. 

Flettnerrotorn. I. Malmer. Teknisk Tidskrift (Jan. 17, 1925), v. 55, 
p. 1-5. 

Propulsor Flettner, para Bareos. Anales Asoc. Ing. Inst. Catolico, v. 3, 
p. 544-545. 


Magnuseffekten. V. Bjerknes. Teknisk Ukeblad (Jan. 30, 1925), v. 72, 


p: 45. 
Rotots Flettner. Bull. Tech. du Bur. Veritas. (Jan. 1925), No. 1, v. 7, 
p. 6-8. 


Is the Magnus Effect Applicable to Aircraft? A. Klemin. Aoviation (Feb. 
2, 1925), v. 18, p. 127-129. 





Das Flettner-Schiff. Sehulz. Brennstoff u 
1925), v. 7, p. 45-8. 

Further Consideration on the Rotorship 
p. LSS. 


How Rotor Ship Gets Power. Marine Rev. (March 1925), v. 55, p. 90-91 


Warmewirtschaft. (Feb. 1, 


Motorship (March 1925), v. 10 


Notable Italian Works on Hydraulic Engineering 
Presented to the Library 


HE Engineering Societies Library has been enriched by a 

gift of the fourth edition of the ‘““Raccolta d’Autori Italiani che 
Trattano del Moto dell’Acque” and of the supplementary “Nuova 
Raccolta——.”’ 

The seventeen volumes that this series comprise were published 
in Bologna between 1821 and 1845. They contain, apparently, 
everything of importance on hydraulic engineering that had been 
written in Italian at that time. The first volume is a reprint of 
Domenico Guglielmini’s “Della Natura de’Fiumi” the greatest 
work of its day. Other volumes contain the writings of Galilei, 
Torricelli, Manfredi, Zanotti and many other physicists and engi- 
neers of note. 

For this valuable gift, which has great interest to hydrualic 
engineers, the Library is deeply indebted to Comm. Ing. Prof. 
Guadenio Fantoli of Milan. For several years, Professor Fantoli 
has been presenting interesting Italian publications on hydraulic 
engineering to the Library, of which this is the most notable. 


Books Received in the Library 


Der Bav DER STARRLUFTSCHIFFE. By Johannes Schwengler. Julius 

Springer, Berlin, 1925. Paper, 7 X 10 in., 99 pp., diagrams, 4.80 m 

A general discussion of the structural and theoretical problems 

involved in the design and construction of rigid airships. Written 

from the point of view of the structural engineer, and without any 

treatment of the propelling machinery. The book is apparently 
the pioneer work on its subject. 


CoMPOSITION OF TECHNICAL PaPerRs. By Homer Andrew Watt and Philip 
B. McDonald. Second edition. McGraw-Hill Book Co., New York, 
1925. Cloth, 5 X 8 in., 429 pp., $2. 

A clear, direct statement of the principles of expository writing, 
accompanied by a selection of writings by engineers which illus- 
trate the various types. Intended to teach engineering students 
to write better technical papers. The new edition has been care- 
fully revised and new matter has been added. 


DesIGN OF CRANES AND Horsts. By Hermann Wilda. Second revised 
English edition. Scott, Greenwood & Son, London, 1925. (Broad- 
way Engineering Handbooks, vol. 6.) Cloth, 5 X 8 in., 159 pp. 
diagrams, $2.50. (Gift of D. Van Nostrand Co., N. Y.) 

A concise reference book for the designer, giving practical in- 
formation on the design of the elements of lifting tackle of various 
types, the formulas for calculating their dimensions, and the cus- 
tomary constants. 


EINsTEIN’s THEORY OF Retativity. By Max Born. E. P. Dutton & Co., 
New York, 1922. Cloth 6 X 9 in., 293 pp., diagrams, portraits $5. 


An elaboration of lectures given to an audience not conversant 
with mathematics. The book is a serious, well-executed intro- 
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duction to the subject, in which the origin and development of 
this theory from the physical theories of Einstein’s predecessors 
are traced. The author has avoided mathematics as far as pos- 
sible and has used none but very elementary formulas. 


Factory Lay-Ovut, PLANNING AND ProGress. By W. J. Hiscox. Isaac 
Pitman & Sons, London and New York, 1924. Cloth, 6 X 9 in., 
184 pp., charts, $2.25. 

The author, who has for many years been brought into daily 
contact with the problems that arise out of modern industrial 
conditions, here presents his views on the ethics of factory planning. 
A scheme of factory organization, prepared with especial reference 
to British conditions, is presented. 


GASMASCHINEN UND OELMASCHINEN, vol. 2. By Alfred Kirschke. Second 
edition. Walter de Gruyter & Co., Berlin and Leipzig, 1925. Cloth, 
4 X 6 in., 144 pp., illus., diagrams, 1.25 gold marks. 


This volume treats briefly of the important structural details 
of large gas engines, oil engines, and oil and gas turbines. The 
first chapter discusses the generation and use of gas fuel, and the 
method of working and construction of large gas engines. The 
second and largest chapter treats of four- and two-cycle oil engines 
and the construction of engines for various purposes. Much of 
the space is given to Diesel engines. The final chapter describes 
the various types of gas and oil turbines. 


HypDROMECHANIK. By M. Samter. Robert Kiepert, Charlottenburg, 
1925. Paper, 6 X 9 in., 96 pp., 3.20 marks. 

The object of this book is to make the student conversant with 
the most important laws of hydrostatics and hydrodynamics with- 
out too great an expenditure of time. To accomplish this, the 
author has abbreviated the necessary theoretical demonstrations 
to the briefest possible forms and has used the space thus saved 
for complete solutions of many examples which are important in 
practice and which are intended to give the young engineer the 
necessary accuracy and experience in calculation. 


INVENTORY Practice AND MATERIAL ContTroL. By Frederic W. Kilduff. 
McGraw-Hill Book Co., New York, 1925. Cloth, 6 X 9 in., 446 pp. 
illus., $5. 

The first section deals with the various features connected with 

a physical inventory. The various necessary operations are de- 
scribed in detail from the planning of the inventory to its final 
tabulation. The second section treats of material control and de- 
scribes practices intended to reduce inventories to the lowest prac- 
ticable point, to eliminate losses from obsolete materials and to 
minimize losses through fluctuations of the market. Chapters 
are included on the retail method of inventory and on the relation 
of inventories to income and profits taxes. 


JonNnson’s MATERIALS OF ConstTRUCTION. Rewritten by M. O. Withey 
and James Aston; edited by F. E. Turneaure. John Wiley & Sons, 
New York, 1925. Cloth, 6 X 9 in., 865 pp., illus., diagrams, tables, 
$6. 

Intended to serve both as a text and as a reference book, con- 
taining the essential information concerning the sources, manu- 
facture or fabrication of the principal materials; selected data upon 
the more important physical and mechanical properties, and the 
influence of various factors upon them; the causes of defects and 
variations, and how they may be discovered, the technique of test- 
ing; and the more general uses of the different materials. This 
edition contains new chapters on paints and varnishes and on the 
constitution of some of the more important non-ferrous alloys. The 
chapter on the fatigue of metals has been completely revised, and 
minor revisions have been made throughout. 


Dire KONDENSATION BEI DAMPFKRAFYMASCHINEN. By K. Hoefer. Julius 
Springer, Berlin, 1925. Boards, 6 X 9 in., 442 pp., illus., diagrams, 
tables, 22.50 gold marks. 


This book owes its origin, according to the author, to the lack 
of any work giving a comprehensive account of the many novelties 
in condenser practice which have found a place in steam power 
plants during the past fifteen years. It is intended for use as a 
textbook and also as a reference book for use in practical work. 
The author has tried to present a succinct account of all phases of 
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condenser practice, which will be as complete as possible and thor- 
oughly modern in outlook. Attention is given to marine-engine 
practice as well as to plants on land. 


Tue Pusuic AND Its Utinities. By William G. Raymond. John Wiley & 
Sons, New York, 1925. Cloth, 6 X 9 in., 346 pp., charts, tables, $3.50. 
This is an elementary discussion of the fundamental problems 
involved in the relations between the public and its utilities. The 
author endeavors to set forth the respective rights and mutual 
obligations of utilities and the public, with particular attention to 
the principles that should govern the establishment of prices, the 
nature and bases of proper public control and regulation, the fixing 
of a fair rate of return, and the determination of the fair value of 
the utility. The book is intended primarily for legislators, muni- 
cipal officers, and members of the general public rather than for 
engineers. 


A Poputar History oF AMERICAN INVENTION. By Waldemar Kaempffert. 
Charles Scribner’s Sons, New York, 1924. Cloth, 7 X 10 in., 2 vols., 
illus., portraits, $10. 

The two attractive volumes that compose this work give the 
story of the invention and evolution of a number of important fac- 
tors in our life. The development of our means of transportation, 
by railroad, electric railroad, canal and river, automobile and air- 
craft, is described. The evolution of modern printing and type- 
setting machinery, the typewriter, telegraph, telephone and radio 
apparatus, as well as of photography, the moving picture and the 
phonograph, is set forth. Another section deals with the steam 
engine and the generation of electricity, and a fourth with the growth 
of the industries—mining, lumbering and farming—that are con- 
cerned with the utilization of our material resources. The final 
section treats of automatic machine tools, pneumatic machines, and 
the machinery used in the clothing and shoe industries. The story 
is told in a very readable manner and well illustrated. Much 
attention is given to the inventors of the important machines in 
each group. 


PractTicaAL ForemMansuip. By Glenn Lion Gardiner. McGraw-Hill Book 
Co., New York, 1925. (Industrial Education Series.) Cloth, 5 X 8in., 
191 pp., $1.75. 

The purpose of this text is to present the elementary principles 
underlying the practice of foremanship in a form suited to the needs 
of foremen. Such questions as handling men, industrial good-will, 
employment management, the selection and training of men, wages, 
etc. are discussed briefly and simply. The book has been used by 
foremen taking extension courses in the University of Wisconsin. 


PRINCIPLES OF MacuInE Desicn. By Robert F. McKay. Longmans, 
Green & Co., New York; Edward Arnold & Co., London, 1924. Cloth, 
6 X 9 in., 408 pp., diagrams, tables, $6. 

As there are now so many diverse types of machines that it is 
impossible to discuss adequately the considerations and factors 
which influence the design of the component arts of each in a 
single volume, the author has limited himself to the discussion of 
the component parts and connections which are more or less com- 
mon to all types. He has tried to develop the basic principles on 
which machine design rests, to show the possibilities and limitations 
of the devices illustrated and to give data in a convenient form for 
reference. The book divides broadly into three sections. The 
first discusses the general considerations affecting machine design, 
the testing and properties of the materials used, and the utilization 
of the data of strength tests. The second section classifies and 
describes the various methods of making permanent or temporary 
connections, while the third discusses the problem of supporting 
moving parts. 


PROFITABLE SCIENCE IN INDUSTRY. By Dwight T. Farnham and Others. 
Macmillan Co., New York, 1925. Cloth, 5 X 8 in., 291 pp., illus., 
$3.50. 

A book for business men, which calls attention to the results 
that have been achieved in various industries by active researc!) 
work, by authors who are well known research workers in various 
fields. Attention is called to what has been done, to the oppor- 
tunities that exist and to the organizations now actively engaged 
in such work. The book is readable and suggestive. 
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RAILROAD ACCOUNTS AND STATISTICS. 


By Charles E. Wermuth. Prentice- 
Hall, Inc., New York, 1924. 


Fabrikoid, 6 X 9 in., 349 pp., charts, $4. 

According to the preface, this book aims to provide, in condensed 
form, a practical outline of present-day railroad accounting details 
and a description of their assembling to a completed financial state- 
ment, and also the theory and mathematics underlying the prepara- 
tion of comparative statistics, with illustrations. The book is 
intended for railroad executives and students of railroad finance 
and accounting. 


RaiLtroaD OperRaATION. By Ernest Cordeal. Simmons-Boardman 
lishing Co., New York, 1924. (Railwaymen’s handbook 
Cloth, 5 X 7 in., 255 pp., illus., $2. 


Pub- 
series. ) 


The aim of the author is to bring to the attention of young men 
in railroad work certain principles of management which apply 
to most railroads and to show the results which have been attained 
by their application. The book does not attempt to outline an 
exact system; it is intended to induce young operating men to study 
their problems intensively and to assist them in the solution of 
the problems of policy and practice which arise in their work. 


RECOVERY OF GASOLINE FROM NATURAL Gas. By 
Chemical Catalog Co., New York, 1925. 
Monograph Series.) 


37. 


George A. Burrell. 
(American Chemical Society. 
Cloth, 6 X 9 in., 600 pp., illus., diagrams, tables, 


Beginning with a history of the industry from its inception, this 
book then treats of the occurrence and chemistry of natural gas and 
the methods of testing it for gasoline. The various processes for 
recovering gasoline are explained and the construction and operation 
of the various types of plants are discussed in detail. Attention 
is given to depletion and also to‘motor fuels in general. The tables 
used in the industry are included. Dr. Burrell’s comprehensive 
volume will fill a decided need. 


RELATIVITY AND COMMON SENSE. 
Cambridge, England, 1924. 
10s 6d. 


By F. 
Cloth, 5 


M. Denton. University Press, 
x 8 in., 279 pp., diagrams, 


The object of this book is to explain the meaning of the theory 
of relativity in reasonable terms which may be followed by any one 
who knows a little science and a little mathematics. The author 
uses a new method of attack on the difficulties that usually cause 
trouble to the novice, one which he hopes will enable the reader to 
obtain a satisfactory general understanding of the theory in spite 
of its difficulties. 


SPECIALIZED AccouNTING. By George Hillis Newlove and Lester Amos 
Pratt. McGraw-Hill Book Co., New York, 1925. Cloth, 6 X 9 in., 
475 pp., $4. 

The main purpose of this book is the study of accounting princi- 
ples definitely applied to various forms of business. These include 
cotton mills, iron foundries, cement mills, timber and logging com- 
panies, coal mines, oil wells and others. While a complete system 
of accounting for each business is not attempted, the accounting 
features and administrative problems peculiar to each are pointed 
out and the ways in which fundamental accounting principles may 
be adapted to each business are shown. 


Steam TurBINEs. Including a Discussion of Mercury and Gas Turbines. 
By James A. Moyer. Fifth edition, revised and enlarged. John Wiley 
& Sons, New York, 1924. Cloth, 6 X 9 in., 515 pp., illus., diagram 
chart, $4. 

In this work, the author has endeavored to collect the information 
wanted by practical engineers who are engaged in designing, op- 
erating or making steam turbines. The new edition has been 
thoroughly revised and modernized. 


Sussect List OF THE PERIODICALS IN THE PATENT OFFIce Liprary. By 
Great Britain Patent Office Library. Patent Office, London, 1924. 
Paper, 4 X 7 in., 282 pp., 2s. 

A catalog of the journals, transactions of societies, yearbooks, 
reports of permanent congresses and state and municipal depart- 
ments, which are in the Library of the British Patent Office. The 
titles are classified under many subject headings, so that it is easy 
to find what periodicals are available in any given field of industry 
or science. » Because of this arrangement, the list is also a useful 
guide for those who have access only to other libraries. 
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TABLES ANNUELLES DE CONSTANTES ET DONNEES NUMERIQUES DE CHIMIE, 
DE PHYSIQUE ET DE TECHNOLOGIE, vol. 5, part 1. By Commission 
permanente du Comité international. Gauthier-Villars & Co., Paris; 
University of Chicago Press, Chicago, 1925. Cloth, 9 & 11 in., 804 
pp., $25 (parts 1 and 2). 


The first part of volume five of this important reference work is 
now available and the second part will appear in the near future. 
The volume covers the six years, 1917 to 1922, and contains the 
numerical constants and data relating to physics, chemistry, and 
allied sciences which appeared in publications during that period. 
The compilation is supported by subventions from many govern- 
ments and scientific societies, and the volumes now issued cover 
the published literature since 1910. An index to the set is being 
prepared, which will greatly facilitate its use. 


Das TecuniscHe Ersen. By Paul Oberhoffer. Second edition. Julius 
Springer, Berlin, 1925. Boards, 7 X 10 in., 598 pp., illus., diagrams 
tables, 31.50 gold marks. 


This treatise, by the director of the Iron Institute at Aix-la- 
Chapelle, is a revision of his Das Schmiedbare Eisen, with exten- 
sions so that it now covers the commercial varieties of cast iron also. 
In general, the book is a modernization of Ledebur’s classic work 
on the metallurgy of iron. Beginning with a section on the def- 
inition and classification of the commercial varieties of iron, the 
author next discusses the relations between their chemical com- 
position and their structure. Three sections then treat of the 
influence of chemical composition, of temperature, and of working 
upon the properties of steel. The final three sections discuss 
malleable, gray, and chilled cast iron. The volume summarizes 
our knowledge of the constitution of iron and of the effects of com- 
position, heat treatment, and mechanical treatment on its proper- 
ties, in the light of recent metallographic investigations. 


THoMmAS’ REGISTER OF AMERICAN MANUFACTURERS. 


1924-1925. 
Publishing Co., New York, 1925. 


Cloth, 9 X 12 in., $15. 


Thomas 


In plan and scope the fifteenth edition of this guide for purchasers 
follows its immediate predecessors, but all the information has been 
brought up to date. It covers all branches of industry and is the 
largest book in its field. In addition to the usual lists of manu- 
facturers arranged by name and by products, it includes lists of 
trade names, banks, commercial organizations, trade papers, ex- 
porters, importers, shipping lines, and forwarders. 


UNTERSUCHUNGEN tBER Die Gas-Unp O1L-GLeIcHDRUCKTURBINE. By 
Wilhelm Gentsch. Wilhelm Knapp, Halle (Saale), 1924. 


Paper, 
7 X 10in., 123 pp., tables, 5.20 m. 


This is a report, in detail, of an investigation of the Semmler 
gas-turbine process which was made in 1904 and 1905 under the 
auspices of four leading German engine builders. In the Semmler 
process the gas is burnt at constant pressure, the products of com- 
bustion are first used to heat a boiler and later, when cooled to a 
workable temperature, used to drive a turbine. The book is a 
welcome addition to the scanty literature on continuous-combustion 
gas turbines, as it gives an account of practical investigations and 
the conclusion drawn from them. 


VERZEICHNIS DER Dr.-ING.-DISSERTATIONEN DER DervuTSCHEN TECHNIS- 
CHEN HocHSCHULEN....1913-1922. By Willy B. Niemann. Robert 
Kiepert, Charlottenburg, 1924. Paper, 6 X 9 in., 96 pp., 6 marks. 


This catalog of the dissertations submitted in fulfilment of the 
requirements for the degree of Doctor of Engineering continues 
that issued by C. Walther in 1913. Over 1600 dissertations are 
included, with information as to their lengths and places of publica- 
tion, the schools to which they were submitted, etc. The entries 
are thoroughly classified and are accompanied by author and sub- 


ject indexes. The book should be of value to those engaged in 
research. 


WorkKsHoP GAUGES AND MEASURING APPLIANCES. 
Pitman & Sons, London and New York, 1924. 
pp., illus., tables, $1.50. 


By Louis Burn. Isaac 
Cloth, 5 X 7 in., 154 


Describes the methods and instruments used in machine shops 
for measurements of various kinds. Includes chapters on marking 
off, the selection and care of instruments, and on limits and fits. 
The text is clear and concise. 
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THE ENGINEERING INDEX 


Registered United States, Great Briiain and Canada 


LAST-MINUTE ADDITIONS; MAIN BODY ON PAGE 113-EI, ADVERTISING SECTION 





Exigencies of publication make it necessary to put the main body of The Engineering 
Index into type considerably in advance of the date of issue of ‘‘Mechanical Engineer- 
ing.”’ To bring this service more nearly up to date is the purpose of this supplementary 
page of items covering the more important articles appearing in journals received up 


to the third day prior to going to press. 





AIRPLANES 

Sikorsky. Safety Is Qutstanding Feature of Si 
korsky Plane Design, L. S. Gillette. Automotive In 
dustries, vol. 52, no. 14, Apr. 2, 1925, pp. 616-6158, 
3 figs. Steel and duralumin construction used through- 
out in 12-passenger twin-engined biplane built at 
Roosevelt Field rivets and bolts used to join 
parts; fuselage built to give maximum passenger com- 
fort 


AUTOMOBILE ENGINES 


Andreau. The Andreau Engine (Le moteur An- 
dreau), Andreau. Technique Automobile et Aérienne, 
vol. 15, no. 127, 1924, pp 97-111, 24 figs.; also de- 
scription by E. H. W eiss, in Nature (Paris), no. 2651, 
Jan. 24, 1925, pp. 55-59, 8 figs.; and (translation) in 
Mech. Eng., vol. 47, no. 4, Apr. 1925, pp. 292-293, 
2 figs. Essential feature of engine is that it has sub- 
stituted for older method of operation a simple me- 
chanical combination which permits making length of 
piston stroke different in different parts of cycle and, 
in particular, makes exhaust stroke longer than intake 
stroke; this insures perfect withdrawal of exhaust gases 
from explosion chamber and longer duration of ex- 
pansion than of compression, which in its turn pro- 
duces material increase in work delivered by engine; 
results of tests 


AUTOMOBILE MANUFACTURING PLANTS 


Continuous Production. Some Notes on British 
Methods of Continuous Production, Automobile Engr., 
vol. 15, no. 200, Mar. 1925, pp. 85-93, 22 figs. Key- 
note throughout paper is ‘‘flow principle,’ ’ and several 
methods of regularization to obtain that flow are de- 
scribed; chief instrument for regularization of machine 
shop is mechanical movement of workpiece under time 
control; describes machines built to attain degree of 
mechanization which has not to author’s knowledge 
been achieved before 


BOILER FURNACES 

Arches. A Suspended Furnace Arch. Engineer, 
vol. 139, no. 3613, Mar. 27, 1925, p. 361, 3 figs De- 
scribes Liptack furnace arch which, besides possessing 
merit of practically unlimited width, has advantage 
that it is flat; result is that heat which it radiates back 
on to fire is evenly distributed across grate and igni- 
tion of fuel is well balanced throughout fire. 


BOILERS 


Characteristics. The Characteristics of Steam 
Boilers, R. . Parsons. Engineering, vol. 119, no 
3091, Mar. 27, 1925, pp. 379-381, 5 figs. Interesting 
facts relating to performance tests of different types 
of boilers are shown graphically, indicating general 
nature of performance to be expected from various 
types of boilers operated at different loads. 


BOILERS, WATER-TUBE 


High-Pressure. Super-Pressure Steam Generation 
by Means of the Atmos Boiler (Héchstdruckdampfer- 
zeugung durch Atmoskessel), E. Josse. Zeit. des 
Vereines deutscher Ingenieure, vol. 69, no. 7, Feb. 14, 
1925, pp. 169-173, 6 figs. With Atmos boiler, de- 
signed by J}. V. Blomquist, new means of generating 
super-pressure steam have been developed, which are 
considered in light of practical and experimental re- 
sults. 

Large. The Large Water-Tube Boiler, P. W. 
Robson. Engineering, vol. 119, no. 3090, Mar. 20, 
1925, p. 360. General aspects of problem; technical 
problems of large boiler; types suitable for large units; 
pulverized fuel. Paper read before Instn. Civ. Engrs. 


CAMS 

Designing. Designing of Cams Is Much Simpli- 
fied by Graphical Method, W. D. Appel. Automotive 
Industries, vol. 52, no. 12, Mar. 19, 1925, pp. 544-546, 
4 figs. Describes simple method of designing cams 
which commends itself because of ease and rapidity 
with which desired results are obtained; it does not 
involve use of mathematical formulas. 


CENTRAL STATIONS 


Superpower, Fall River, Mass. ‘Somerset, 
Another Step Toward Super-Power. Power Plant 
Eng., vol. 29, no. 7, Apr. 1, 1925, pp. 368-376, 6 figs. 
New base-load station for three public utilities on 
Taunton River, near Fall River, Mass.; initial installa- 
tion consists of one 32,000-kw. turbo-generator unit 
with three 1492-hp. Stirling boilers; oil is used at 
present time as fuel, but provision has been made so 
that pulverized coal can be burned whenever it be- 
comes desirable. Tabular data of equipment. 


COST ACCOUNTING 


Production Scheduling for. 
ule for Factory Accounting Work, D. Ross. 


A Production Sched- 
Met. & 


Admin., vol. 9, no. 4, Apr. 1925, pp. 363-364, 1 fig. 
Shows how system of time schedules for accounting 
department has been operated successfully and gives 
results of scheduling. 


CUTTING TOOLS 


Durability-Speed Curves. Experiments with 
Lathe Tools on Fine Cuts, and Some Physical Proper 
ties of the Tool = 0 and Metal Operated Upon, 
Dempster Smith and A. Leigh éngineering, vol. 119, 
no. 3090, Mar. 20, 1925. pp. 364-366, 13 figs. Experi 
ments were made with object of obtaining character 
istic durability-speed curves for carbon and high 
speed steel tools, and with object of linking together 
results obtained with coarse and extremely fine cuts 

Improved Form. Investigations in Turning (Die 
Ungersuchung der Dreharbeit), H. Klopstock. Zeit 
des Vereines deutscher Ingenieure, vol. 69, nos. 8 and 
10, Feb. 21 and Mar. 7, 1925, pp. 215-221 and 311 
314, 47 figs. Account of experiments conducted in 
machine-tool laboratory of Berlin Technical High 
School; cutting tests proper were preceded by study of 
lathe and instruments used; as results of main tests 
new form of tool has been designed which, author 
claims, permits higher cutting speed and larger chip 
section than is practicable with standard tools now 
used; results of tests in various German railway shops 
in which relative life of cutting edges of new and old 
tools under same conditions was compared; it is claimed 
that an average, production can be increased about 
30 per cent by means of new tool. 


ELECTRIC LOCOMOTIVES 


Motor-Generator. 22,000-Volt Motor Generator 
Locomotives. Engineer, vol. 139, no. 3612, Mar. 20 
1925, pp. 334-335, 8 figs. Details of engines for De 
troit and Ironton Railway; principal reasons for choo 
ing motor-generator locomotives. 


HYDRAULIC TURBINES 


Experimental Research. Experimental Research 
in Hydroelectric Power Engineering (Die experime: 
telle Forschung im Wasserkraftfach), D. Thoma 
Zeit. des Vereines deutscher Ingenieure, vol. 69, no 
11, Mar. 14, 1925, no. 329-334, 9 figs. Development 
of experimental work in Germany; systematic tests 
were begun in 1880; at present there are 13 experi 
mental stations; principle of superposition of small 
variations; turbine blade surfaces can be represented 
with parameters by means of equations; dimensionless 
coefficients to represent experimental results; results 
with propeller turbines; problem of cavitation; law of 
similarity of cavitation; results of cavitation tests 
other methods and tasks; hydraulic model tests; pro; 
ress in theoretical and experimental methods 


HYDROELECTRIC PLANTS 


Switzerland. The Chancy-Pougny Hydro-electric 
Power Station. Engineer, vol. 139, no. 3612, Mar. 20, 
1925, pp. 321-324 and 328, 13 figs. Details of station 
nearing completion on Rhone, short distance below 
Geneva; power is derived from river by means of bar 
rage; total horsepower, which will be available in form 
of electrical energy, will be 38,000, and it is anticipated 
that station will have annual output of from 130,000,000 
to 160,000,000 kw-hr. 


INDUSTRIAL MANAGEMENT 


Executive Control Chart. Control Chart for the 

Chief Executive, W. Clark. Iron Age, vol. 115, no 

12, Mar. 19, 1925, pp. 828-831, 1 fig. Presents chart 

prepared for chief executive of manufacturing com 
pany which frees him of detail and permits of concen 
tration on control; check kept on quality of product 
and service; work ahead of plant definitely known; 
sales quotas compared with orders received; costs and 
other operating data charted; information relating to 
employees included 

Obsolescence, Handling of. The Handling of 
Obsolescence by Manufacturers. Am. Mach., vol. 62, 
no. 15, Apr. 9, 1925, p. 583. Suggestions taken from 
experience of ‘considerable number of representative 
manufacturing companies; salvage departments; ex 
ample of practice. 

Production Lots, Determining Proper Size of. 
Method of Finding Minimum-Cost Quantity in Manu- 
facturing, Ralph C. Davis. Mgt. & Admin., vol. 9 
no. 4, Apr. 1925, pp. 353-356, 1 fig. Formulas for size 
of production lots; rational method of determining 
proper quantity to manufacture and to carry in stock 
to give least unit cost. 

Stock-Room Arrangement. Handling Cost Re- 
duced by Rearranging Stock Room. Iron Age, vol 
1'5, no. 15, Apr. 9, 1925, pp. 1056-1057, 2 figs. Labor 
savings in cost of handling bar and sheet stock have 
accompanied improved arrangement of new stock room 
of Hall-Scott Motor Car Co., Berkeley, Cal.; centrally 
located building with automatic machine and stamping 
departments in adjoining bays. 


LOCOMOTIVES 


Diesel-Electric. An Italian Double-ended Diesel- 
Electric Locomotive. Engineer, vol. 139, no. 3613, 
Mar. 27, 1925, p. 358, 1 fig. Locomotive has electric 
drive which gives about 70 per cent efficiency between 
motor shaft and rails; this drive was adopted because 
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it enabled electric motor vehicle on train to be driven 
from Diesel when heavier trains were necessary 


Lentz Hydraulic Transmission. The Lentz Var- 
iable Hydraulic ‘Transmission Gear Engineering, 
vol. 119, no. 3090, Mar. 20, 1925, pp. 350-351, 7 figs 
partly on p. 354. ‘First infinitely variable Lentz patent 
hydraulic transmission for locomotives built in Eng- 
land; gear is type utilizing oil as medium of trans 
mission 


MACHINE SHOPS 


_ Equipment, Profits from Modern. Net Profits 
from Modern Equipment, F. A. Scott Iron Age, vol 
115, no. 14, Apr. 2, 1925, pp. 957-961, 7 figs. Lowering 
production cost to get lower selling price and, in turn, 
increased consumption and better net profits; possi 
bilities of increased net profits through up-to-date 
machinery; examples of progressive policy 


MACHINING METHODS 


_ Gang Fixtures for Quantity Production. Gang 
Fixtures for Quantity Production, F. lL. Libgotte 
Machy. (N. Y.), vol. 31, no. 8, Apr. 1925, pp. 625- 629 
13 figs Describes and illustrates aetanes used in 
machining piece from half-hard drawn steel 


MATERIALS HANDLING 


Trucking Practice. Material-Handling Pay-Roll 
Reduced 75%, M. C. Maxwell. Factory, vol. 34, no 
4, Apr. 1925, pp. 594-598, 17 figs. Two fundamentals 
of trucking practice which author has learned are 
adapt equipment to work it must do; and schedule 
day's work of each truck; shows how these two essen 
tials were accomplished 


MOTOR TRUCKS 

General Motors Co. New G. M.C. Trucks Hay 
Four-Wheel Brakes as Standard Equipment, W. 1 
Carver \utomotive Industries, vol. 52, no. 14, Apr 
2, 1925, pp. 610-613, 7 figs Many parts are inter- 
changeable between 1 and 1! 9-ton models; pneumatic 
cord tires are used to permit high speeds 


OIL ENGINES 


Solid-Injection. Test of the 
Injection Oil Engine, E oer Power, vol. 61 
no. 14, Apr. 7, 1925, p 2 figs 4-stroke-cyck 
engine, built by Bofors Steel Washes has 4 cylinders 
liners of which are inserted in common water jacket 
forming rigid casting or block; comprehensive test 
carried out by Prof. E. Hubendici, of Roy. Tech. Univ 
of Stockholm, Sweden, gave excellent results 


PLANERS 


Cincinnati Hypro. Cincinnati ‘“Hypro"” Planer 
Machy. (N. Y vol. 31, no, 8, Apr. 1925, pp. 655 
Selective dial feeds are furnished for all 
heads; dials are graduated in sixty-fourths of an inch 
reading can be determined from front of machine; bed 
is double the length of table so that table never over 
hangs 


PULVERIZED COAL 


Textile Mills. New England Textile Plant Oper 
ates on Powdered Fuel Power, vol. 61, no. 13, Mar 
31, 1925, pp. 482-484, 4 figs. Installation of Uxbridg 
Worsted Co.; unit pulverizers used with horizontal 
return-tubular boilers; operation flexible and efficient 


STEAM POWER PLANTS 


Economical Operating Methods. New Methods 
Cut Power Plant Costs, C. E. Killinger Mgt. & 
Admin., vol. 9, no. 4, Apr. 1925, pp. 325-328, 3 fig 
Savings of $67,200 a year made by improved operatior 
of power plant of Willys-Morrow Co. 

Limiting Possibilities of. The Limiting Possibil- 
ities in Steam Plants, A. L. Mellanby and Wm. Kerr 
North-East Coast Instn. Engrs. & oF iene advance 
paper, no. 2696T, for mtg., Feb. 27, 1925, 22 pp., 1! 
figs Examines available and fundamental facts in 
search for real upper limits to sequence of operations it 
steam plants; discusses temperature limits, pressure 
and number and extent of reheating stages; progressiv« 
determination of essential limits leading by steps t 
establishment of limiting and explicit cycle of opera 
tions. See also Engineering, vol. 119, nos. 3088, 3089 
and 3090, Mar. 6, 13 and 20, 1925, pp. 301-308, 334 
336 and 336-367, 11 figs.; and editorial review in no 
2088, Mar. 6, pp. 294-295. 


STEEL CASTINGS 

Open-Hearth. Special Open-Hearth Steel Cast 
ings, S. H. Bunnell. Iron Age, vol. 115, no. 13, Mar 
26, 1925, pp. 901-903, 6 figs. Intricate products at 
low cost; high-grade steel from low-grade scrap mad 
in Bosshardt furnace in Germany; furnace is of open 
hearth type, with usual reversible or regenerative 
checker work, heated by combustion of producer ga 
taken directly from small special gas-producing cham 
bers built on two ends of furnace. 

X-Ray Investigation. X-Ray Investigation of 
Steel Castings for Advanced Steam Conditions, F. H 
Morehead. Power, vol. 61, no. 14, Apr. 7, 1925, pp 
520-522, 3 figs. Account of investigation made by 
Ordnance Testing Laboratory at Watertown Arsenal; 
Coolidge tube of usual medical type, except for size, was 
used; sample tee castings were produced and submitted 
to laboratory for investigation; most careful check 
failed to disclose any surface indication of hidden de- 
fects, giving positive proof that test-bar data could 
not be taken as representing casting conditions. 


WELDING 


Cast Iron to Steel. Cast Iron Valve Heads Can 
Be Welded to Steel Stems at Rate of 400 per Hour, 
H. Chase. 5 op 88d Industries, vol. 52, no. 12, 
Mar. 19, 1925 533-534, 5 figs. |New Hall process 
minimizes saad operations; no drilling or thread- 
ing required ; shank is upset during butt welding so that 
strength of joint is greater than that of stem, 


Hesselman Solid 


656, 2 figs 
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